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ABSTRACT 
Gabruch, Amanda L. M.Sc. University of Saskatchewan, Saskatoon, September 2017. The Farm 
Level Economic Impacts for Western Canadian Cow-Calf Producers Accessing the EU Market 
Supervisor: Dr. Eric Micheels 
The Canadian beef industry applauded the recent signing of the Comprehensive 
Economic and Trade Agreement, which will enable greater to access the valuable EU beef 
market. Despite the enthusiasm surrounding this trade opportunity, the commercial viability of 
producing for the EU market is still unknown for the cow-calf sector. Thus, the objective of this 
research is to estimate the premium required by cow-calf producers so that the benefit of 
enrolling in the EU program for certifying growth enhancing product free beef would outweigh 
the additional production costs.  
To address this objective, a break-even (BE) price is simulated under various production 
scenarios before and after the necessary adjustments are made to become EU compliant. The 
difference between these simulated break even prices represents an estimate of the required 
premium. Producers must be offered at least this premium to overcome the additional production 
costs imposed for compliance. The resulting estimates suggest that the BE difference ranges 
from $2.13 to $34.78 per calf, depending on the practices already in place prior to enrolling. 
Given the market conditions over the past decade, premiums as high as $60.12 per head would 
be required for some producers to maintain their profitability.  
Besides quantifying costs for EU certification, this research speaks to a greater narrative 
on the economic considerations of accessing new markets that require certain production 
attributes. Although these markets may offer higher values, it is important to balance potentially 
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larger revenues with additional costs. Thus, this research offers a framework by which the impact 
of changing production regimes on profit may be simulated.   
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CHAPTER 1 – INTRODCUTION AND BACKGROUND 
1.1 Introduction 
Recently the Canadian beef industry secured greater access to the European Union (EU) 
beef market with the signing of the Comprehensive Economic and Trade Agreement (CETA). 
Although this breakthrough was met with enthusiasm by the industry, beef trade with the EU is 
constrained by several technical barriers (Canadian Cattlemen’s Association, 2014; Canadian 
Food Inspection Agency, 2016). Thus, the purpose of this thesis is to examine the cost that 
compliance with EU beef import regulations presents to western Canada’s cow-calf producers, 
who must alter certain production and record keeping practices to be in compliance. As beef 
must be produced and processed to EU standards at every step of the supply chain, cow-calf 
producer participation in the EU program for certifying growth enhancing product (GEP) free 
beef is necessary to procure a supply of certified cattle and take advantage of increased EU 
market access.  
The contribution of this work is two-fold; it estimates a premium that cow-calf producers 
would require to cover the additional costs of EU compliance, and it develops a systems model 
that can simulate production costs under EU certification practices as well as conventional 
practices. This model adds to a growing literature which employs systems modelling 
methodology to the research of various aspects of beef production in North America. More 
specifically, it represents another example for quantifying the economic impacts of alternative 
beef production practices, like the works of Capper and Hayes (2012), Lawrence and Ibubaru 
(2007) and Olvera (2016). However, this contribution remains novel in its focus on western 
Canada, and specific interest in the EU market channel specifications, for which no other 
literature was found that explicitly values the cost of complying amongst cow-calf producers.  
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This thesis proceeds with a detailed discussion on beef trade with the EU and the existing 
technical barriers to trade for Canadian beef. Next, the literature covering production economics, 
alternative production and systems modelling applications to cow-calf research is surveyed. The 
findings of these contributions are used to develop a conceptual framework for modelling the 
impact of following EU certification procedures on farm-level production costs. This framework 
is then parameterized using data from various sources to develop a working model that can 
quantify these impacts. Finally, the simulation results are presented and interpreted in the context 
of production costs alone as well as overall profitability to offer an estimate of the price premium 
cow-calf producers would require to enter the EU market channel.  
1.2 Background 
 1.2.1 Beef Trade with the EU 
International trade is important for the Canadian beef industry, as a large proportion of its 
production enters the export market. Over the past decade, annual Canadian beef exports have 
averaged 430,000 tonnes, which amounts to 36 percent of total production (Statistics Canada, 
2016). Globally, Canada is the sixth largest exporter of beef, despite the fact that it does not even 
make the top 10 beef producing nations (US Department of Agriculture, 2016). Due to the 
significant role trade plays, development of a trade agreement between Canada and the EU was 
met with much enthusiasm by the Canadian beef industry (Canadian Cattlemen’s Association, 
2014).    
 The CETA, which was signed October 30th 2016, will eliminate 98 percent of tariffs for 
Canadian goods entering the EU, with further reductions over several years. This agreement 
could open up many new trade opportunities for Canadian businesses, as previously only 25 
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percent of tariff lines for Canadian goods were duty-free going into the EU (Government of 
Canada, 2016). For Canadian beef, duty-free market access for a total of 64,950 tonnes (carcass 
weight equivalent) will come into effect over five years. Immediately following the enforcement 
of CETA, Canada’s existing portion of the high-quality beef quota, which previously allowed 
14,950 tonnes to enter the EU at a 20 percent within-quota tariff, would be allowed in duty-free. 
Over the next five years, quotas for 35,000 tonnes of fresh or chilled and 15,000 tonnes of frozen 
beef and veal products will gradually be allowed to enter duty-free as well (Government of 
Canada, 2016). This trade opportunity could represent a $600 million dollar value to Canadian 
beef producers (Canadian Cattlemen’s Association, 2014).  
 However, the potential benefits of trade with the EU can only be fully realized if the 
tariff-free quota is filled. In 2015, 326 tonnes of chilled or frozen product was exported to the 
EU, filling only two percent of the current quota. Additionally, over half of this chilled1 product 
is bison, which represented as much as 99 percent of Canadian bovine meat exports to the EU in 
2005 and 2006 (Global Trade Atlas, 2017). Therefore, little Canadian beef is currently entering 
the EU market. A possible contributing factor to producers’ decisions to forego current export 
opportunities to the EU, in addition to the current 20 percent tariff, may be EU meat regulations. 
As the discussion to follow will elaborate upon, there exists a large disparity between Canadian 
and EU livestock production regulations, presenting non-tariff trade barriers to Canadian beef 
producers accessing the EU market.   
 
 
                                                          
1 The data regarding frozen bovine meat was not disaggregated to show the proportion that is bison.  
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1.2.2 EU Ban on Growth Enhancing Technologies 
 Growth enhancing products (GEPs)2 and their use for livestock production came into the 
EU’s public spotlight in 1977. Concern for negative human health implications was growing in 
response to the discovery of several young Italian children showing symptoms typically 
associated with exposure to large doses of estrogen. A paper published shortly afterwards in The 
Lancet (Fara et al., 1979) suggested that the source of contamination could have been untested 
meat served at a cafeteria where the affected children attended school. Despite uncertainty 
regarding the cause, this incident triggered concern among some consumers for the safety of 
their domestic meat supply (Devereaux, 2006; Vogel, 1995).  
 The Italian school scare was followed by the publication of newspaper articles in 1980 
which reported babies growing oversized genitals and breasts. These abnormalities were being 
linked to 30,000 jars of veal baby food which were discovered to contain high residue levels of 
dimethyl stilbenes (DES), a synthetic hormonal substance commonly administered to dairy cattle 
(Devereaux, 2006). The anxiety initiated by this incident, compounded with that of the Italian 
hormone scandal, sparked public outrage throughout Europe, placing considerable pressure on 
European Community Regulators to implement restrictions on the use of DES (Devereaux, 2006; 
Vogel, 1995).  
 Within a year the EU Council of Ministers voted to ban thyrostatic and stilbene hormonal 
substances, which include DES, through Directive 81/602/EEC (Vogel, 1995). Although DES 
residue was not proven to be the cause the infants’ abnormal growth, it was already considered to 
be carcinogenic and illegal in other nations, so there existed justification for implementing a ban 
                                                          
2 GEP refers to a pharmaceutical substance administered to livestock to improve their production efficiency. Their 
use in Canadian beef cattle will be elaborated upon in greater detail throughout section 1.2.3. 
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(Devereaux, 2006). However, the hormone ban did not end with DES, and the European 
Community also considered imposing a ban on other substances having estrogenic, androgenic 
or gestagenic actions, pending further investigation. The ban was delayed, as opposition by the 
British beef industry resulted in it being halted for further scientific inquiry to examine their 
safety (Vogel, 1995).  
 The EU commissioned study results concluded that naturally occurring steroid hormones, 
estradiol, testosterone, and progesterone, presented no risk to human health when used in 
livestock properly and with respect to maximum doses. Subsequent research also determined that 
the synthetic hormones, zeranol and trenbolone acetate were also not harmful to consumers 
(Vogel, 1995). Despite these conclusions, the EU ultimately adopted a ban on both synthetic and 
naturally-occurring hormone substances for non-therapeutic purposes in 1985, which went into 
effect in 1988. Essentially, use of all hormonal growth-promoting substances in production of 
meat or milk was made illegal for livestock producers in the EU at that time, with the ban being 
extended to imported meat from treated livestock in 1989 (Devereaux, 2006; Vogel, 1995). 
Shortly after, the ban on growth-promoting hormones was expanded to include beta-agonists as 
well, with the implementation of Directive 96/22/EC. However, the ban on beta-agonists 
preceded their commercialization so they were never widely used in the EU (Buchanan-Smith, 
2016; Centner et al., 2014).       
 Consumer pressure was one of the most important drivers of the EU’s ban on hormones 
and beta-agonists as anti-hormone sentiments spread during the 1980s. At that time, several 
consumer and environmental groups launched campaigns against hormone usage in meat 
production, making the issue more visible to consumers. Further, support to the cause was 
generated by a growing subset of consumers interested in purchasing natural foods. The strength 
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of the EU consumer movement made some member nations, which still allowed the use of at 
least one GEP, apprehensive to continue doing so and risk consumers viewing their meat 
products as inferior to nations that already banned them. Thus, opposition to the ban from 
member nations that had not yet implemented their own was weakening, which added support to 
the decision for an EU-wide ban (Vogel, 1995).  
 In addition to growing public concerns, the EU was facing financial pressure from rapidly 
increasing agricultural commodity stocks, especially beef and veal stocks. Between 1983 and 
1984 stocks grew by 177 000 and 388 000 metric tonnes, respectively, each year (Commission of 
the European Communities, 1987). These rapidly growing stocks were causing problems for the 
European Agriculture Guidance and Guarantee Fund (EAGGF), and a solution was needed to 
keep stocks from continuing their rapid accumulation. Thus, a second incentive for banning the 
use of GEPs presented itself, as reducing their usage would cause the rate of domestic beef 
production to slow. Implementing a ban offered a politically palatable way to slow the growth of 
beef stocks and relieve some of the financial pressure being placed on the EAGGF (Peterson, 
1989).  
 Finally, the European Union was facing a third source of pressure driving policy change, 
the need to create a harmonized veterinary policy across its member states. Prior to the ban, half 
of the member states had already banned hormonal substances for growth promotion, while the 
others still allowed at least some to be used. These disjointed policies created trade barriers 
within the EU’s member nations, as regions that had implemented a ban did not allow meat 
imports from those that had not. To address these issues, steps toward uniformity in veterinary 
policies were already being undertaken by the EU prior to the hormone scandals. However, 
heightened public pressure made the need for policy reform in this area increasingly urgent. 
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Implementing a union-wide ban on all hormonal substances for growth promotion also presented 
itself as a politically favourable method of harmonizing veterinary standards among member 
nations and reducing trade barriers between them (Vogel, 1995).      
 As a result of the political situation at that time, the scientific conclusion that hormonal 
GEPs were safe to use in meat production did not prevent the EU from banning their use in all 
domestically produced and imported meat products. Since the hormone ban went into full effect 
in 1989, and later the ban on beta-agonists, their non-therapeutic use in the production of meat 
marketed within the EU has remained illegal. This presents a problem for Canadian producers 
that want to export to the EU as the use of GEPs is legal and common throughout North America 
(Canadian Animal Health Institute, 2003). 
1.2.3 Growth Enhancing Technologies in Canadian Beef Production  
 GEPs have been a management tool available to beef producers since the 1950s. There 
are six hormone substances approved for use in Canada including estrogen, testosterone and 
progesterone, which are naturally occurring, and zeranol, melengestrol acetate and trenbolone 
acetate, which are synthetic (Canadian Animal Health Institute, 2003).3 These substances are 
administered as a small pellet implanted under the skin of the animal’s ear, except for 
melengestrol acetate which is administered as a feed additive. The pellet form works by slowly 
releasing the hormone into the animal’s bloodstream over a period of time. Once released into 
the bloodstream, these substances quickly bind to a specific receptor which stimulates the 
biological response. Shortly after, the liver metabolizes the compound and it is removed from the 
                                                          
3 Growth hormones supplement substances naturally produced by the animal. Hormones are present in all beef, as 
well as a variety of other foods, regardless of whether or not the animal it was derived from was treated (Canadian 
Animal Health Institute, 2003).  
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body (Johnson and Beckett, 2014). The purpose of implanting is to improve the average daily 
gain rate, increase feed intake and improve feeding efficiency, while also increasing lean muscle 
deposition (Johnson and Beckett, 2014; Reinhardt, 2007).  
 This management tool can be used at all production stages of the beef supply chain, 
including cow-calf, backgrounding and feedlot operations. However, its adoption rate varies 
between supply chain stages. In western Canada only 24 percent of cow-calf producers reported 
implanting their calves either prior to, or at weaning time (Western Beef Development Centre, 
2015). Low adoption rates have also been observed among US cow-calf producers, where 10 
percent of all producers reported implanting their calves. Operations with larger herds tend to 
adopt this technology to a larger degree, as 27 percent of herds with more than 200 cattle report 
use (Deblitz and Dhuyvetter, 2013). Low adoption rates for growth enhancing technology in the 
cow-calf sector can largely be attributed to the diversity between farms, which causes the pace of 
adoption to be slower than that of the more homogenous feedlot industry (Gaylean, Ponce and 
Schutz, 2011). 
Adoption of implants among Canadian feedlot producers is higher than in the cow-calf 
sector (Campbell, Kenealy and Campbell, 2009).  Although there are no recent studies which 
directly quantify the adoption rate of this practice in Canada, statistics exist from the US feedlot 
industry that indicate 90 percent of large feedlots use GEPs. Much like the cow-calf sector, 
smaller feedlot operations also tend to use this technology less frequently and the average 
adoption rate across all feedlot size categories falls to 79 percent (Deblitz and Dhuyvetter, 2013). 
The similarity of implant usage among cow-calf operations in Canada and the US suggests that 
there are also likely to be similar in adoption rates among feedlot operations in these respective 
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nations. Therefore, adoption of hormone implants is also likely more common in Canadian 
feedlots than cow calf operations (Gaylean, Ponce, Schutz, 2011).  
 β-adrenergic agonists (beta agonists) are a relatively newer technology for growth 
promotion in beef cattle. They became commercially available in Canada in 2004 (Buchanan-
Smith, 2016). Although the EU has banned these substances for similar reasoning as that of 
hormone implants, they work much differently. Beta agonists are orally active, so they are added 
into the ration instead of being directly implanted under the skin, and are only used for the last 
20 to 42 days the animal spends on feed. As a result of the timing of their administration, beta 
agonists are not used by cow-calf producers. The beta agonist binds to a receptor in the skeletal 
muscle, which stimulates the muscle cell to incorporate relatively greater levels of protein and 
water and also slows down the rate of muscle cell degradation. In addition to increasing the 
growth of muscle cells, beta agonists also work to slow the development of fat cells by 
decreasing the body’s rate of building new fat cells and increasing the rate of breaking down 
existing ones. The result of administering these substances to a beef animal is increased 
production of lean meat (Johnson and Beckett, 2014).  
 Initially, there were two beta agonist substances commercially available to Canadian beef 
producers: ractopamine hydrochloride and zilpaterol hydrochloride. Although no specific 
estimates exist for Canadian adoption rates, in the US it was estimated that 53 percent of fed 
cattle received these pharmaceuticals (Deblitz and Dhuyvetter, 2013). However, observations of 
extreme lameness in cattle that had been fed with ractopamine triggered concerns with using this 
additive and prompted Merck to suspend sales (Huffstutter and Polansek, 2013; Smythe, 2014). 
These recently emerging concerns for use of beta agonists and potential animal welfare problems 
has led to a reduction in their usage (Smythe, 2014).   
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1.3 Exporting Canadian Beef to the EU  
As many of the EU prohibited substances are commonly administered to Canadian cattle, 
beef exported to the EU must meet certain criteria to assure that the animals it was derived from 
were never administered prohibited substances. To provide these assurances, the Canadian Food 
Inspection Agency (CFIA) administrates the ‘Canadian Program for Certifying Freedom from 
Growth Enhancing Products for the Export of Beef to the European Union’, which will be 
referred to as the ‘program’ throughout the text that follows. There are 10 key components of the 
program which producers must comply with for CFIA to grant them an export certificate4 to the 
EU:  
• Animals to be exported must be identified under the Canadian livestock 
identification and traceability program. Therefore, they need to carry an approved 
identification tag that has a unique identifier. If the farm is mixed-status, meaning 
some animals may be implanted and sold into the other channels, the animals 
intended for EU export must have an alternate visual identifier in addition to the 
approved traceability program tag. These animals must easily be identified in a 
walk-through and marked prior to any handling where they may be implanted.  
• Prior to leaving the farm of origin, the animal must be identified with an approved 
tag. If this tag is lost or revoked throughout the growing period, it can be replaced 
by a designated person at the farm or feedlot and documentation recording 
replaced tags must be kept.  
                                                          
4 Granting of an export certificate by CFIA means that beef derived from the enrolled animal is eligible to be 
imported by the EU.  
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• All animals in the program must originate at a registered farm or feedlot. Birth 
farms must be registered before the animal is transferred to another registered 
operation. Before the animal arrives, the feedlot or auction mart must also be 
registered.  
• Inventory of animals in the program must be accurate and kept up to date.  
• Animals in the program may only be transferred to farms or auction markets that 
are also registered to maintain their eligibility in the program.  
• Traceability of the animals must be maintained throughout their life, from birth 
through the slaughter process. Transfer documentation has to be CFIA accepted 
and must be provided upon arrival at the slaughter facility.  
• Animals must never be administered any growth enhancing products throughout 
their entire life.  
• Farms in the program which use these products, or have them on the premises, 
must record their purchases and the use or disposal of them.  
• Records identifying the ingredients in any mixed feeds or feed supplements, as 
well as their source, that are given to enrolled animals must be maintained.  
• The required records must be made available to CFIA or EU Officials upon 
demand and maintained for at least three years for birth farms, and two years for 
feedlots and auction markets from the date the animals were received.  
 CFIA approved veterinarians will oversee adherence to these program components, and 
conduct on-site assessments at least once per year. Additionally, once the animals reach the EU 
approved processing facility, they will also be subjected to physical checks for implants and have 
samples taken to test for hormonal residue (CFIA, 2016).   
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1.4 Motivation and Objectives 
Although signing the CETA will grant Canadian beef producers much desired access to 
the EU market, feasibility of this trade opportunity still needs evaluation. Starting with the first 
segment of the beef supply chain, cow-calf production, this thesis quantifies the economic 
impact that meeting EU beef production regulations would have on these farms. As EU 
certification is expected to increase production costs, the results of this research will offer an 
estimation of the price premium cow-calf producers must be offered to outweigh the costs while 
maintaining a normal profit.  
The second motivation for this research is to estimate the supply of feeder calves in 
western Canada that could enter the EU channel at various premium levels. Once the CETA is 
fully enforced, 64 950 tonnes (carcass weight equivalent) of Canadian beef will be allowed to 
enter the EU without tariffs. To fill this quota, a minimum of approximately 157 000 certified fed 
cattle will need to be grown5. However, given that not all beef cuts may be exported to the EU, it 
is likely that a supply in excess of 157,000 cattle could be necessary (Duckworth, 2017a). As 
there is a large degree of heterogeneity amongst cow-calf producers and their practices, some 
producers are already in a relatively ‘more compliant’ position with respect to EU regulations 
than others (Western Beef Development Centre, 2015; Manglai, 2016). Therefore, compliance 
costs should be disaggregated and modelled to reflect these variations amongst producers. 
Segmenting cow-calf producers by their regular practices will allow the estimation of feeder calf 
supply within each group. The purpose of doing this is to determine the number of feeder calves 
                                                          
5 64 950 tonne CWE, assuming 63% carcass yield from live weight (Holland, Loveday and Ferguson, 2014).  
64 950 tonne/0.63 = 103 095 tonne / 658 kg live weight (ACFA, n.d.) = 156 680 live cattle 
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that could be diverted into the EU marketing channel within each cost of compliance, or 
premium, category.  
Essentially, the motivation of this thesis is to determine the minimum price required to 
fulfill the beef quota for CETA by western Canadian cow-calf producers. This serves the overall 
purpose of determining the feasibility of accessing the EU beef market for cow-calf producers in 
western Canada. Thus, the objectives of this thesis are as follows:  
• Develop a model for estimating the cost of production for conventional 
production as well as EU certified production. This model will need the capability 
to simulate the impact of changing production practices on costs. 
• Simulate the break-even cost of production for these various scenarios, 
comparison of which to the EU certified cost of production will provide an 
estimate of the price premium necessary to stimulate a supply response for filling 
the CETA beef quota.  
• Estimate the supply of cattle available within each production category, as will be 
defined for cost of production simulations. 
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CHAPTER 2 - LITERATURE REVIEW 
2.1 Introduction 
 Research concerning beef production costs, the economic implications of removing 
growth enhancing technologies from the beef supply chain and systems dynamics modelling will 
be discussed in this literature review. First, conventional cow-calf and feedlot production 
economics in North America is discussed, with special attention being paid to the underlying 
drivers of costs in these industries. Immediately following the discussion on conventional 
production is literature that analyzes the impacts of alternative beef production strategies that 
include the removal of growth enhancing technologies. The literature covered in these first two 
sections sets the foundation for understanding production costs and how adjusting production for 
compliance with EU meat regulations could affect them. Finally, various applications of systems 
modelling methodology to beef production economics research are discussed, highlighting the 
wide variety of questions to which this method has been applied.  
2.2 Cow-Calf Production 
 Throughout this paper, cow-calf production refers to farming or ranching operations that 
maintain a herd of brood cows for the purposes of raising and selling weaned calves. These 
farms make up the base of the beef supply chain, supplying the calves needed to be fed to 
slaughter weight and processed into beef products (MacLachlan, 2001). Traditionally, cow-calf 
production has exhibited the characteristics of a highly competitive market, including a large 
number of producers accompanied by many buyers, selling mostly homogenous products and 
publicly accessible price information. As a result of these market characteristics, conventional 
cow-calf producers are price-takers and can only exert control over the cost and output level 
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components of their farm’s profitability (Perloff, 2014). Although much of the following 
literature concerns these determinants of overall profitability for cow-calf enterprises, the focus 
taken here is on the cost of production aspect of profits. Therefore, the following literature 
reviews the key drivers of production costs for cow-calf producers.  
2.2.1 Feed  
 The costs associated with producing forages, either grazed or mechanically harvested, 
typically make up the largest portion of a cow-calf operation’s cost of production. However, 
these costs can be highly variable between producers, as cattle can utilize a wide range of plant 
matter that contains cellulose, enabling them to digest forages in many different environments. 
As a result, variability in feed costs is largely driven by environmental factors that influence the 
available grazing resources and the necessity of harvesting and conserving forages (Short, 2001). 
Therefore, the region in which a producer is operating can have a large influence on their cost of 
production, evidence of which was highlighted by Short (2001) and Nehring et al. (2014). 
 Taylor and Field (1995) found that decreasing use of harvested forages and increasing the 
number of days grazing to be the most commonly identified cost reduction strategy amongst low 
cost producers in their survey. They found disparities in profit to be mostly driven by costs, with 
the difference being $222 per head between low and high cost producers. The results of Ramsey 
et al.’s (2005) paper further supported the management strategies suggested by Taylor and Field 
(1995), where they also found that increasing use of harvested forage was associated with 
increased production costs. However, their results also indicated that increasing the use of 
harvested feed sources was not related to an increase in pounds weaned per female, which was 
unexpected. Both of these studies concluded that increased use of harvested forage is not 
expected to be offset by increased productivity and revenue, so the overall impact on profitability 
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is negative. Miller et al. (2001) estimated that 50 percent of cow-calf farm-to-farm variation in 
returns to labour and management was attributed to feed costs. Much like Short (2001), they also 
found some of the impact that feed costs have on profits to be a result of the high level of 
correlation between harvested feed and other costs. Harvesting and delivering feed mechanically 
is associated with increased expenses such as equipment investment, depreciation, capital 
charges, operating costs and labour. Essentially, herds that exhibit high feed costs tend to be high 
cost in other areas as well. 
2.2.2 Economies of Size 
 ‘Economies of size’ occur when the per-unit cost of production decreases as a firm 
increases its output. They can result from several advantages related to larger scale production, 
such as the ability to spread a fixed cost over more units of output, or the ability to adopt larger 
scale technologies that may reduce variable costs (Debertin, 1986). Cow-calf producers are not 
exempt from experiencing economies of size as some research has found a tendency for cow-calf 
operations to experience falling average costs as their cow herd increases. Langemeier, McGrann 
and Parker (1999) categorized operations included in their data set by cow herd size, finding that 
the 500-999 head category has the lowest production costs. When a similar data set was used to 
regress pre-tax cost per cow and percent return on assets on herd size, it was also found that 
increasing the number of cattle has a negative correlation to per unit costs (Ramsey et al., 2005). 
These results were echoed again in studies conducted on producers across all US regions as well 
as Saskatchewan producers, where production costs also declined with successively larger herd 
size categories (Leung, Kulshreshtha and Brown, 1991; Short, 2001).  
Featherstone, Langemeier and Ismet (1997) and Jones (2000) suggested in both of their 
papers that larger herd sizes are related to improved production efficiency, offering an 
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explanation as to why economies of size are so often observed in this industry. Featherstone, 
Langemeier and Ismet (1997) found herd size to be positively related to technical and scale 
efficiency, which they proposed could be combined with allocative efficiency to represent 
overall efficiency for a farm. Jones’ (2000) results predicted that overall efficiency increases for 
herd sizes up to 289 cattle, but subsequent gains in efficiency become small once the herd 
reaches and exceeds 185 cattle.  
Despite the prevalence of economies of size being observed throughout the cow-calf 
production economics literature, some literature also suggests that there may be limits to how far 
economies of size can stretch. Ramsey et al. (2005) found that the per-unit costs of production 
declined at a decreasing rate as herd size increased, as was indicated by the positivity of their 
squared herd size variable coefficient. Leung, Kulshreshtha and Brown (1991) also found that 
their average total cost curve eventually went flat as the herd size increased. Langemeier, 
McGrann and Parker (1999) found evidence of per-unit production costs that actually begin to 
increase with herds in the 1000 or more head category, which suggests that diseconomies of size 
may exist in the cow-calf sector. Increasing costs as operation size grows was also seen in the 
dataset used by Jones (2000), where the minimum average cost frontier line drawn from the raw 
data shows an obvious minimum point with both larger and smaller producers displaying higher 
production costs. Although the literature finds that production costs tend to decline as herd size 
increases, there may be exceptions as well as evidence that improved management could play a 
larger role than herd size when it comes to profitability (Bredahl and Marks, 2012)  
Some of the aforementioned studies also suggested that management may actually be a 
more important driver of costs than size. Langemeier, McGrann and Parker (1999) found ranches 
from every size category represented in each profitability quartile, while Leung, Kulshreshtha 
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and Brown (1991) noted that operations smaller than the estimated optimal size were capable of 
achieving up to 80 percent of thier cost efficiency. Samarajeewa et al. (2012) found that small 
operations could actually exhibit higher efficiency levels than larger ones. They suggest that the 
optimal operation size may be determined by the resources available to each individual 
operation. These contradictory results were somewhat explained by Miller et al. (2001) where 
they conclude that cost advantages are available to smaller producers that carefully manage other 
production variables, adding support to the idea that managerial ability or effort may actually be 
the more important factor driving production costs.   
Nehring et al. (2014) was the only study found which explicitly refuted the idea that 
economies of size are what causes larger operations to have lower costs. They used survey data 
from 1,964 cow-calf farm operations across all US regions. They did not find that the number of 
brood cows significantly explained variations in profitability, which was measured by the 
operating profit margin ratio. The important difference between Nehing et al (2014) and the 
other studies discussed is that their model included adoption rates for technology or advanced 
management practices which the others do not hold constant. The high level of correlation found 
between operation size and adoption rate offers some explanation as to why other studies find 
herd size to be an important driver of production costs, perhaps falsely concluding that 
economies of size are the cause.  
Overall, the literature is inconsistent on its conclusions regarding herd size and 
profitability. Exceptions to economies of size were noted in much of the literature discussed, 
therefore it cannot be concluded that large herds have absolute cost advantages over their smaller 
competitors. Rather, management is perhaps the underlying driver of production costs in the 
cow-calf industry.  
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2.2.3 Biological Performance  
 When examining the factors which drive variability in profits between cow-calf 
producers, production costs are frequently found to be more important than production 
performance. In other words, calf weight, weaning percentage, calving percentage or pounds 
weaned per cow are not found to be significantly related to profitability when production costs 
are controlled for (Miller et al., 2001; Taylor and Field, 1995).  However, biological performance 
can be an important driver of production costs, so literature which concerns the relationship 
between production performance and costs is discussed in this section.     
 Short’s (2001) analysis of cow-calf producers across all US regions offers insight in to 
why higher production performance does not seem to be correlated with improved profitability. 
Short (2001) unexpectedly found that higher weaning weights and calf crop percentages were 
more frequently observed among high cost producers, which could be a result of the correlation 
between production costs and regions. Producers that operate in climates with cold winters need 
to harvest more forages, adding to their costs, while also needing to plan their calving seasons 
around favourable weather. This is why tighter calving distributions and higher weights tend to 
be correlated with cooler regions, whereas producers in warmer regions do not need a set calving 
window while also enjoying lower production costs because they can graze for longer periods. 
Therefore, when analyzing the impact that biological performance has on profitability or costs, it 
is important to take region into account, as environment can simultaneously affect both 
biological performance and production costs, potentially causing a spurious correlation problem 
if not held constant.      
 Ramsey et al. (2005) found biological production performance measurements were 
significantly related to several measures of operation performance, which include economic 
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production cost per cow. Calving percentage, death losses and shortened breeding season were 
all found to be significantly related to decreasing costs. Similar conclusions were also reached by 
Samarejeewa et al. (2012), who found that calving, conception and weaning rates were all 
significant factors in their model for economic efficiency. Both of these studies emphasized how 
allocating management effort to maintaining live, healthy calves is an important strategy for 
improving firm performance. 
 It should be noted that Short’s (2001) paper used data from across all US regions, 
whereas Ramsey et al. (2005) and Samarejeewa et al. (2012) used data from smaller areas, 
Texas, Oklahoma and New Mexico, and Alberta,  respectively. Therefore, some rationale for 
their contradictory results can be offered. Short (2001) found that climate was an important 
driver of production costs, while biological performance was also largely driven by environment. 
The data set used by Short (2001) would have contained a large degree of climatic variation. The 
other two studies used data sets where there would be little climatic variation between producers, 
so variations in economic efficiency between them could be attributed to differences in 
biological performance between herds to a larger degree.   
2.3 Economics of Alternative Beef Production Systems 
 The literature review up to here covered the costs associated with conventional beef 
production. However, concerns regarding conventional practices have resulted in a growing 
consumer segment that demands alternative production process attributes in their beef products 
(Capper and Hayes, 2012). In a response to the potential for earning price premiums over generic 
beef marketing strategies, producers have begun adopting alternative management systems so 
they can compete in these growing niche markets (Roberts, Spurgeon and Fowler, 2007). 
Micheels and Gow (2012) suggest that beef producers which take a market-oriented focus on 
 21 
 
 
their operation, by offering a product with the attributes their down-stream buyers demand, tend 
to rate their performance more highly. Interestingly, their results also indicate that taking a cost-
focus was not related to improved firm performance, which contradicts many findings 
throughout the previously discussed conventional production economics literature. Thus, shifting 
away from traditional generic beef production strategies and moving towards niche marketing 
may provide opportunities for beef producers to improve the profitability of their operations 
despite the potential for increased production costs (Hughes, 2000).  
The growing tendency for beef producers to take on alternative management systems in 
response to niche marketing opportunities, such as organic or artificial-hormone free, has 
prompted the study of these practices and their implications. The economic, social and 
environmental outcomes that the following studies measure can be highly related, as the 
reduction of resource usage or an increase in production can correlate with an increase in 
economic returns (Capper and Hayes, 2012). Therefore, the following literature surveyed will 
include North American studies which entail measurement of economic, environmental or 
productivity impacts associated with alternative beef production relative to conventional 
systems.  
Fernandez and Woodward (1999) were among the first studies to explicitly quantify the 
performance and economic implications associated with alternative livestock production 
systems. They experimented with calves raised under conventional or organic systems, which 
were then randomly assigned to an organic or conventional finishing phase treatment. 
Experimental data on the performance of cattle under these 4 different production systems 
(conventional cow-calf as well as feedlot, conventional cow-calf and organic feedlot, organic 
cow-calf and conventional feedlot, and organic cow-calf as well as feedlot) was used. Their cost 
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analysis of both finishing phase regimes found that the cost of finishing steers organically is 39 
percent higher than conventionally. 
Cooprider et al. (2011) extended upon Fernandez and Woodward’s (1999) research by 
gathering social and environmental sustainability measures, in addition to economic measures, 
using experimental data. Although Cooprider et al. (2011) focused only on the finishing phase of 
production, their results also indicated that conventional production practices result in the highest 
production performance and lowest production costs. They also found that conventional 
production is associated with relatively fewer carbon emissions than the low-input control group, 
which was a proxy for organic practices. However, when they examined the social sustainability 
aspect of beef production, they found that the organic-proxy group typically had higher marbling 
and tenderness scores while also meeting consumer demand for naturally raised beef, traits 
which also can positively influence economic outcomes. They concluded that no single feedlot 
production system satisfied all three measures of sustainability, although both systems did have 
sustainability merits associated with them.    
 Capper (2012) also examined the environmental impacts of conventional, natural and 
grass-fed6  beef production using a systems modelling methodology. The environmental 
outcomes were modelled using a deterministic whole-system model based on ruminant nutrition 
and metabolism. Resource inputs and waste outputs of each system were calculated for all stages 
of production annually. Their results indicated that natural and grass-fed production requires 
more animals, land, water and fossil fuels to produce the same amount of beef. This paper 
                                                          
6 In Capper (2012), the ‘natural’ system is identical to that of typical beef production practices, except for the use of 
GEPs. In their paper, ‘natural’ meant the cattle were never administered GEPs. They defined the ‘grass fed’ system 
as one in which the cattle are fed a forage only diet from birth to slaughter, never being fed grain or other non-forage 
supplementation.     
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concluded that grass-fed beef has the largest carbon foot-print (26,785 x 103 t), followed by 
natural beef (18,772 x 103 t) and conventional beef has the smallest foot-print (15,989 x 103 t).  
 Environmental and economic impacts are related to one another, as increasing resource 
inputs into a production system can often mean that the economic costs of that production system 
are also rising. Capper and Hayes (2012) showed this relationship in their extension of Capper’s 
(2012) environmental model, by calculating the additional economic cost that producing beef in 
the absence of growth enhancing technologies would place on the industry. Estimation of the 
inputs required under each system to maintain a beef production level of 454 million kilograms 
per year were quantified and compared to determine the impacts of removing growth enhancing 
technologies. Higher nutrient requirements, coupled with reduced slaughter weight and dressing 
percentage, means that the US would need to increase its national cattle population by 385,000 
animals to maintain beef production. The additional requirements for feedstuffs, grazing lands 
and water would be 2,830,000 tonnes, 265,000 hectares, and 20,139 x 106 litres, respectively. 
The economic burden that removal of these technologies on the industry is estimated to be 
equivalent to a tax of 8.2 percent on beef production.   
 Lawrence and Ibarburu (2007) estimate the farm, as well as national, level impacts of 
removing common pharmaceutical technologies from beef production. The pharmaceuticals in 
question cover a larger scope than the previously discussed papers, as they also included 
ionophores, sub-therapeutic antibiotics and parasite control in addition to hormone implants and 
beta-agonists. For each technology, they conducted a meta-analysis and used the results as 
parameters to adjust regional cost of production budgets to reflect the impact their removal 
would have on a farm level. Then, these farm level economic effects were scaled using adoption 
rates and regional herd sizes to model the nation-wide impact of removing pharmaceuticals from 
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beef production. They estimated the economic effect of removing these technologies entirely was 
an addition of $365 per head to cost of production over the animal’s entire lifetime, as well as a 
reduction in the amount of beef produced despite no change in inventory. Ultimately, US 
consumers would be paying a higher price and importing more beef, while several producers and 
resources would be forced out of beef production.   
 Using a partial equilibrium model, Olvera (2016) estimated the potential impacts of 
removing feed-grade antibiotics for growth promotion as well as removal of all growth-
enhancing technologies from the US beef industry. Much like Lawrence and Ibarburu (2007), 
Olvera (2016) also took an economic focus in their quantification of the impact that removing 
these technologies could have on production and consumption. Their results suggest that removal 
of feed grade antibiotics alone could result in a 270,000 head reduction in cattle inventories and 
227.3 million pound reduction in carcass beef in the year following a ban, while consumption 
and inventory were estimated to decrease by 1 percent five years post-ban.  Unsurprisingly, their 
model predicted that the removal of all growth enhancing technologies would have larger 
ramifications for the industry, suggesting a 3.1 million head decline in cattle inventories and a 
2.2 billion pound reduction in carcass beef just in the first year that follows a ban. Their longer-
term predictions estimate a 10.5 percent decline in production and an 8.2 percent decline in 
consumption with a 9.1 percent increase in imports. 
2.4 Systems Modelling and Beef Production Economics 
Systems modelling, or simulation modelling, is a method of organizing data and 
mathematical approximations of relationships between variables to mimic real world processes. 
This methodology is popular in beef research as it enables risk-free simulation of various 
scenarios and outcomes without costly live subject experimentation (Ruth and Hannon, 1997; 
 25 
 
 
Mayer, 2002). The earliest applications of systems modelling to beef enterprise profitability 
employed linear programming models. Basically, these studies specified an objective function by 
combining existing numerical estimates for various relationships or rates associated with 
livestock production and optimized it subject to the constraints faced by the hypothetical 
enterprise, such as climate or budget.  
Woodworth (1973) and D’Aquino (1974) used this type of modelling to optimize the net 
returns to an operation by strategically allocating grazing resources. As there are varying 
productivity levels and production costs associated with differing rangelands, these studies were 
able to estimate an optimum allocation pattern for utilizing them. However, these models fell 
short when looking at more than one period because of their static specification. In an extension 
of D’Aquino’s (1974) range resource allocation model, Bartlett, Evans and Bement (1974) used 
discrete continuity variables to allow their model to incorporate the flow of range resources from 
season to season to develop a ranch management plan by optimizing net return. Whitson (1975) 
suggested that the models previously proposed may not have reached a true optimal solution 
because these models did not account for the trade-off between risk and increasing returns, 
which are important to the modelling of managerial behaviour. Therefore, Whitson (1975) 
improved upon what he calls the ‘traditional’ economic analysis of ranch management by 
incorporating risk and uncertainty, which was made possible by quadratic programming methods 
which had previously been applied in investment analysis.  
 Following linear programming models was the rise of computers, applications of which 
have enabled systems modelling to incorporate more variables and become a widely-applied 
research tool in many fields of study, such as physical sciences, engineering and biology, as well 
as the social sciences (Koong, Baldwin and Ulyatt, 1978). Unsurprisingly, the field of animal 
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sciences has adopted systems modelling tools to approach many of the research questions which 
they face. Generally in this field these models simulate cause and effect relationships, such as the 
phenotype of an offspring as a function of the phenotype of its parents, the nutritional 
requirements of an animals as a function of its size, or the value of a carcass as a function of its 
measurements. However the advantage to using systems modelling for simulating these 
relationships is that they enable the user to see the impact on several aspects of performance, 
rather than only measuring one outcome as was the case with linear programming optimization 
techniques (Joandet and Cartwright, 1975).  
 Application of computer programing has resulted in the development of several general 
system models for beef cattle production, which have been applied to many production 
economics research questions. Basically, these models use equations to imitate biological 
processes involved in the production of beef cattle so that the outcomes of altering management 
decisions can be simulated without needing to experiment. In the following discussion, some 
economic applications of systems modelling methodology to cattle production research are 
described.   
 One of the most commonly cited models is Texas A&M University’s (TAMU) Cattle 
Production Systems Model (Sanders, 1977; Sanders and Cartwright, 1979a; Sanders and 
Cartwright 1979b), which simulates individual cattle production performance in response to a 
variety of pre-determined factors. The performance of cattle with varying genotypes under 
alternative management strategies and environmental conditions, such as breeding season length, 
market timing strategies, supplementation programs or feed resources can simulated. Herd 
production models preceding this one typically specified a level of cattle performance and 
simulated the required feed inputs to achieve it. The TAMU model is novel in its ability to 
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simulate the more realistic problem of maximizing cattle production given the environment or 
feed resource constraints faced by the manager.    
As a result of its flexibility, the TAMU model has been modified several times and 
applied to a large variety of research questions. Notter et al. (1979) adapted this model to be 
representative of a cow-calf-feedlot enterprise in the Midwest of the United States. Using the 
adapted model, they simulated the effects of varying milk production across different cattle types 
on biological productivity and economic efficiency. The results for varying body sizes and their 
subsequent effect on nutrition costs concluded that the optimum milking level depends on feed 
prices.      
Doren et al. (1984) simulated the production outcomes of varying management 
alternatives and evaluated the economic impacts associated with them. Simulated were varying 
calving times (winter, spring or split season), levels of winter supplementation, and age of the 
dam at her first calving (two or three years). The corresponding net returns were simulated for 
each alternative, which enabled the researchers to weigh the production benefits as well as the 
costs for these varying management strategies, finding that increasing production levels does not 
always result in increased returns.  
Stokes, Farris and Cartwright (1981), using the TAMU model as a biological basis, 
developed an economic model that could extend beyond the traditional cow-calf production 
paradigm to also simulate retained ownership of weaned calves. Therefore, in addition to 
simulating differing cow types, with a range of mature sizes and milk yield potentials, they also 
simulated varying ownership retention strategies such as selling weaned calves or retaining them 
through the backgrounder and/or feeding stages. The development of an economic model 
enabled them to determine the most profitable strategy over seven calf crops.  
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Another economic extension of the TAMU model by Angirasa, Shumway and Cartwright 
(1985), simulated production under a variety of forage and management systems. However, the 
original systems model focused on simulating animal performance given a forage resources base, 
which means the model could identify several forage alternatives as equivalent in achieving a 
level of cattle performance. To determine the least-cost feed alternative to achieve some level of 
performance for a given herd size, a complementary linear programming model was also 
included. In this approach, net returns were calculated and used to compare the economic 
efficiency of varying management practices so they could identify an optimal stocking density 
given the forage resource constraint.   
Because the Texas model was developed to describe the flow of forage resources into 
cattle production, it can be scaled down to effectively model the typical small-holder herds seen 
in developing countries as well. This was the adaptation made by Kahn (1982), which 
incorporated many of the underlying principles of the TAMU model (Kahn, 1982; Kahn and 
Spedding 1983). However, there are some notable differences, such as calibrating the model to 
calculate animal performance on an individual basis rather than average for a class of animals 
within the larger herd, the stochastic treatment of events, smaller time-step integration that can 
be set for one to thirty days, and the ability to change output options so that day-to-day or 
multiple year performance can be simulated. They also included additional management options, 
such as the use of animals for draught power, to better represent the options available to 
managers in developing regions. The Kahn model has since been applied, under a variety of 
conditions, to simulate production outcomes such as reproductive performance (Kahn and 
Lerner, 1984) or voluntary dry matter intake (Kahn and Spedding, 1984).  
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 The Kentucky BEEF (Beef, Energy and Economic evaluation for Farms) model (Loewer 
et al., 1980; Loewer et al., 1981) represents another application of systems modelling to beef 
cattle production, which is similar to the TAMU model in its ability to simulate production 
outcomes in response to differing enterprise management decisions. However, the Kentucky 
BEEF model covers a wider scope of responses to management decisions by including the 
interactions of growing crops, energy utilization and economics, in addition to cattle production, 
and has the flexibility to model cropping only. The large scope of alternatives that can be 
simulated makes the Kentucky BEEF model more applicable to mixed farming than that of 
TAMU’s. However, the higher level of detail, specifically concerning beef production included 
in the TAMU model, makes it more widely-applied to beef production applications than the 
Kentucky BEEF model.    
 Another approach to simulating beef cattle production as a component of a whole-farm 
system, similar to the Kentucky BEEF model, was developed by Rotz, Buckmaster and 
Comerford (2005). In this contribution, a beef herd sub-model was integrated with other farm 
components, including crop growth, feeding, grazing and manure handling to form the 
‘Integrated Farm Management Model’. This model was developed so that long term 
performance, economic and environmental impacts of farm production systems can be simulated 
and compared. Although several other systems models can predict production and economic 
performance outcomes, this approach is novel in the simulation of environmental outcomes in 
response to nutrition management.  
The Alberta Beef Production Simulation System (ABPSS) model developed by Pang 
(1997) focuses on the cattle enterprise rather than incorporating it into a sub-model as part of a 
whole-farm system. Similar to the TAMU model, the ABPSS model has the flexibility to 
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simulate the impacts of several different management strategies on productivity and economic 
outcomes. Included are four sub-models: Herd Inventory, which simulates the age distribution of 
the herd over time, Nutrient Requirements, which simulates what each animal in the herd needs 
to consume based on their physiological state, Forage Production, which simulates forage 
production and stocking rates based on soil zone, and Economics, which simulates returns from 
the management decisions input into the model.  
 The ABPSS model was applied to simulate the effect of cow size and milk production on 
a herd’s economic efficiency. The model was calibrated to allow the user to vary the type of 
cattle, which affected other parts of the production system such as milk yield, calf growth rates 
and the nutrient requirements of both. By running simulations for small, medium and large size 
cows, with low, medium and high milk yield, the authors were able to predict which breed types 
were the most economically efficient. The analysis was taken further by varying the calf prices 
received, which affected the relative profitability associated with each cow type (Pang, 1997; 
Pang, Makarechian and Basarab, 1999). Although the detail and flexibility of the ABPSS model 
is similar to that of TAMU, the ABPSS model was created on a PC computer using ‘Stella’, a 
more user-friendly program (Pang, Makarechian and Basarab, 1999). 
Tess and Kolstad (2000a, 2000b) developed a general cow-calf production system model 
with the ability to simulate the production performance of different cattle genotypes, as well as 
economic performance of the system in response to varying management strategies. Their 
research, which originated at Montana State University, was concerned with the Northern Great 
Plains and Rocky Mountain West production climate. The primary purpose was to simulate 
animal performance and system responses to changes in forage, genotype, animals’ age, 
physiological state, and management strategies. However, it is also capable of incorporating the 
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costs of the model inputs and the revenue to be generated by the production output, allowing it to 
serve a dual purpose in simulating economic performance in response to varying management 
and production factors.  
 Reisenauer-Leesburg, Tess and Griffith (2007) parameterized Tess and Kolstad’s model 
to estimate the effect of calving season timing and varying retained calf ownership strategies on 
a hypothetical ranch’s gross margin. While Pang (1997) measured economic performance on a 
per-cow basis in their economic sub-model, Reisenauer-Leesburg, Tess and Griffith (2007) 
evaluated the economic performance of the ranch enterprise as a whole. This application was 
also novel in its evaluation of how returns vary in response to management strategies applied 
over the course of a cattle price cycle. Their results indicated that there isn’t a single calving 
season or ownership retention strategy that is profitable in all points of the cycle. They concluded 
that the optimal management strategy is highly dependent on the current point in the cattle cycle.   
Some systems models have been developed to address a specific research question, rather 
than applying one of the generalized models previously described. For example, Turner et al. 
(2013) developed a Stella model using actual production data from a 12,000 cow ranch in 
Nebraska for the purpose of simulating marketing decisions regarding cow sales. Their objective 
was to analyze the outcomes of three cow marketing scenarios (sale of 10 percent, 20 percent or 
30 percent of the total cow herd) on net income and return on investment, and determine if the 
same marketing decisions would be made when using different measures of profitability. Their 
model included cowherd, replacement heifer and financial components which were simulated 
subject to a carrying capacity constraint. By using average per-head prices, sale weights did not 
have to be simulated in order to calculate returns, which made the model more concise and 
focused on simulating cow marketing decisions alone.  
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 Another specific application of systems modelling by Rashford, Foulke and Taylor 
(2010) developed a simulation model for a typical cow-calf operation in western Wyoming. 
Their objective was to simulate how predatory pressure, and its impact on death loss, weaning 
weights, and variable costs, affects profitability. To model these effects, they adjusted parameters 
in the model to mimic predator pressure and determined whether increased death loss, decreased 
weaning weights or increased variable costs had the largest impacts on profits. The results 
suggested that increased death loss and decreased weights affected profits to a greater degree 
than increasing variable costs, which implies that increasing labour to reduce predation may be 
an efficient strategy.  
 Rich, Perry and Kaitibie (2009) used a systems modelling methodology to develop a cost-
benefit model to determine the economic feasibility of implementing a sanitary certification 
system for Ethiopian beef exports. By simulating the proposed two-phase quarantine and feedlot 
system, animals which make it through are certified as disease-free and ready for slaughter, the 
authors could analyze the costs this system would place on exporters. The results suggested that 
the cost of compliance would not make the system unfeasible, but rather they found that the 
domestic input costs would constrain the competitiveness of Ethiopian beef exports. 
2.5 Summary 
 The research objectives described in Chapter 1 require knowledge of cattle production 
economics, how production is affected by alternative production programs, and systems 
dynamics methodology. Thus, the selection of literature surveyed here provides an overview of 
the work already done in these fields. The literature on cow-calf production economics mainly 
focused on the drivers of production costs and what factors can influence them. As access to the 
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CETA quota may require producers to alter their production practices, literature regarding the 
economic impacts of alternative beef production systems was also surveyed to provide insight on 
the potential impacts of producing EU compliant cattle. In selecting the literature for alternative 
beef production system economics, a focus on production systems that constrain the use of 
pharmaceuticals was taken as compliance with EU regulations will not allow growth enhancing 
products to be used. Finally, examples for systems modelling of beef production economics were 
discussed to demonstrate the large range of potential applications for this method has for this 
area of research. 
 The literature reviewed throughout Chapter 2 serves as a foundation for building the 
conceptual model in Chapter 3. Information on the drivers of production costs for cow-calf 
operations is used to determine the factors which need to be included in the conceptual model. 
Part 2.3 of this literature review, regarding the economics of beef production in the absence of 
certain pharmaceuticals, offers insights into the factors that will be affected by foregoing the use 
of GEPs. These relationships will be simulated using a systems dynamics methodology, 
examples of which were surveyed in part 2.4 of this chapter. Thus, this chapter provides 
important information for constructing a conceptual model in Chapter 3. 
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CHAPTER 3 - CONCEPTUAL FRAMEWORK  
3.1 Introduction 
 Described throughout this chapter is the conceptual framework by which a model that 
simulates the impact that meeting EU certification for importing has on profitability. The EU 
program described in Chapter 1 places constraints on the management practices that producers 
may employ on their operations, limiting their ability to maximize profit. Therefore, producing 
certified calves is expected to increase overall production costs and decrease productivity, which 
provides a disincentive for cow-calf producers to enroll in the program. To overcome this 
disincentive, cow-calf producers will need to be offered an adequate premium to outweigh the 
costs of enrollment (Brocklebank, 2004).  
 To better understand the impact of producing EU compliant calves, this chapter explores 
the interaction between the elements of compliance and drivers of profitability. The impact on 
these drivers is then related to overall profitability through the conceptual relationship between 
the drivers and profit itself. Essentially, this chapter maps out the relationship between the 
elements of the program and profitability, providing a foundation on which the working model is 
built.  
3.2 Procuring EU Compliant Calves 
 Procuring a supply of beef calves grown under EU specifications will require adequate 
participation of cow-calf producers in the CFIA program for certifying beef free from growth 
enhancing products. As the first segment of the supply chain, filling the CETA beef quota is 
contingent on their willingness to participate in this alternative marketing channel by meeting the 
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necessary requirements. Given that 2015 Canadian bovine meat exports to the EU totalled only 
326 tonnes, over half of which is bison, it is clear that the participation of more beef producers 
will be needed if the CETA tariff-free beef quota is to be utilized (Global Trade Atlas, 2017). 
However, increased labour burden and reduced productivity makes the cost of production for the 
EU channel greater than conventional ones. These additional costs are a result of the 
requirements for enrolling in the CFIA program, as producers must expend greater labour effort 
on identification and record keeping for their cattle and forego the use of GEPs which reduces 
productivity. Therefore, producers will be faced with a decision to balance the additional costs of 
enrolling calves in this program with the benefits they expect to receive from having access to 
this alternative marketing channel.   
 3.2.1 Profit Incentive 
 When cow-calf producers make the decision to participate in alternative marketing 
programs, which call for additional production attributes that conventional channels do not 
require, there can be several factors that influence their decision. For example, some studies have 
shown that cow-calf producers who switch to organic production tend to have relatively greater 
environmental and ethical concerns than their conventionally producing counter-parts (Lapple 
and Kelley, 2013; McEachern and Willock, 2007; Roberts, Spurgeon and Fowler, 2007; Wiegel, 
2009). Brocklebank (2004) found that improved access to information is perceived as a benefit to 
participating in increased supply chain coordination initiatives. However, profitability was 
consistently found to play a role in the aforementioned studies, as well as other perceived 
benefits. 
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 Profit is an important motivator for cow-calf producers to make changes of any nature to 
their regular production practices. Biswas et al. (1984) found that the behaviour of ranchers tends 
to conform to the rules of profit maximization, and subsequent research has further indicated that 
profit incentives are an important factor in their decision making process. Profitability was found 
to be the most common reason cited for adoption of new technologies (Joseph, 2013), and the 
most important factor influencing the decision to retain ownership of calves through 
backgrounding (Popp, Faminow and Parsch, 1999). Ochieng (2015) found that the top incentives 
for enticing producers to use an E.coli vaccine were related to profit, whether that be related to 
buyers’ requirements, a subsidy to offset the costs, or an adequate premium paid. Additionally, 
Brocklebank (2004) concluded that the premium must outweigh the additional costs incurred to 
produce beef with different attributes in order to stimulate participation in branded beef 
programs. Thus, measuring profitability implications for enrolling in the EU hormone-free beef 
program is the approach taken in this thesis for evaluating the opportunity that the CETA 
presents to cow-calf producers in western Canada. The assumption will be made, as motivated by 
the aforementioned literature, that producers would be willing to enroll in the EU program only 
if the benefits of doing so would outweigh the increased production costs.     
 3.2.2 Accessing the EU Supply Chain 
 The remainder of this chapter will focus on the relationship between compliance with the 
EU marketing channel requirements and drivers of production costs for cow-calf producers. It 
should be noted that access to downstream buyers of EU certified cattle is also an important 
consideration, even though this factor will not be explicitly quantified for this analysis. 
Producing compliant cattle for exporting beef to the EU requires commitment from producers 
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early on in the production cycle, as the animals must be raised by EU protocols from birth 
onwards. Although they would still have the option to sell into the conventional, domestic 
marketing channel, it is unlikely that these buyers would offer a premium for EU certification 
and the producer would have taken on additional costs for nothing. This means that producers 
will need some assurance that they will have a buyer willing to compensate them for taking on 
the additional costs associated with raising cattle by EU protocol. 
 Cow-calf producers are not the only EU supply chain participants that face constraints on 
the practices they are allowed to follow for maintaining certified status. The next stage of the 
supply chain, feedlots, have to follow similar protocols to assure the cattle were never 
administered GEPs. Even further down the supply chain at the processor level, firms must also 
follow certain criteria to gain EU certification which can present additional costs (CFIA, 2016). 
All stages of the Canadian beef supply chain face barriers to entry for the EU market, which may 
be overcome if the firm is willing to take on the additional costs associated with following 
compliance protocol. Therefore, some level of commitment is required prior to the actual sale of 
the cattle or beef, as these compliance requirements can take time to fulfill like they do for the 
cow-calf producers.  
 These hurdles to entering the EU market mean that the other beef supply chain actors will 
need to take on additional transaction costs as well. In the case of the feedlot firms, they will 
need to find a buyer willing to compensate them for incurring additional production costs 
associated with compliance as the cow-calf producers do. However, they face an additional 
problem related to the sourcing of EU certified feeder calves. A similar situation arises for the 
processors, where they need to find adequate supplies of EU complaint fed cattle to fill their EU 
 38 
 
 
designated processing runs. Processors also face risks related to accessing EU quota, depending 
on the allocation scheme that may be used. All of these issues present additional transaction costs 
for Canadian firms that intend to enter the EU beef market. Firstly, procuring EU compliant beef 
cattle through the spot market is very difficult, if at all possible, and would involve very large 
search costs. As an alternative, closer coordination between producers and processors can be 
arranged. However, this strategy for accessing adequate buyers or sellers of EU complaint cattle 
is not without costs for seeking out these particular firms, arranging contracts with them, 
determining their reputations and enforcing their contract obligations (Brocklebank et al., 2008).  
 For cow-calf producers currently participating in the EU marketing channel, a contractual 
arrangement is typically in place. Feedlot operations intending to enter the EU channel often 
seek out a cow-calf producer to supply certified calves under contract, or they may operate their 
own cow-calf herd (Faintuck, 2017; Fenton, 2017; Hagel, 2017; Kostelansky, 2017). This is 
unsurprising, given the commitment and investment each stage of the supply chain must make to 
enter the EU channel and the high risk of trying to procure these niche products in the spot 
market. Firms that attempt to enter the EU market without any arrangements in place may be 
unable to find suppliers or buyers of complaint cattle at short notice, making their investment in 
becoming compliant less likely to reap niche market premiums. Therefore, it is assumed here that 
cow-calf firms enrolling in the program will have some sort of contract or arrangement in place 
for sale of their EU certified calves. As a result, there is assumed to be no risk for these 
producers that they will invest additional resources in producing EU compliant calves and be 
subsequently unable to find a buyer that offers a premium for this attribute, forcing them to sell 
at the spot market price.  
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3.3 Measuring Profit Incentive 
As profit is such an important factor in the decision making process of cow-calf 
producers, it is assumed here to be the primary incentive for producers’ participation in the 
program. It could also be considered that the additional production costs associated with 
compliance presents a barrier to producers’ participating in the program, and that the profit 
benefit must outweigh the extra costs before this barrier can be overcome. Once the required 
profit is attainable, perhaps some other factors may further influence which producers actually 
enroll (Brocklebank, 2004). 
Profitability is defined as the difference between revenue earned from the sale of product, 
weaned calves in this case, and the expenses incurred for their production (Debertin, 2012). It 
can be further defined by Equation 1;  
 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = (𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ∗ 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑃𝑃𝑃𝑃𝑄𝑄 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃) − 𝑇𝑇𝑃𝑃𝑃𝑃𝑄𝑄𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶                  (1) 
The equation for profit consists of three main parts; price which refers to the price received for 
weaned calves, the quantity produced, and the total production costs incurred for producing 
them. The first component of the equation requires price information for Canadian beef going 
into the EU marketing channel once CETA is in effect. However, reliable modelling of this 
component is not possible at this time as the majority of current quota is being filled by bison 
(Global Trade Atlas, 2017). Additionally, the implementation of CETA could result in different 
prices for Canadian beef in the EU market once the tariff is removed. Therefore, estimating the 
revenue to be earned from enrolling in this program post-CETA implementation will be 
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unreliable given current information. These issues will make measuring profitability in the form 
presented by Equation 1 inappropriate. 
An alternative way to measure the effect of EU compliance on the profitability of cow-
calf producers without complete revenue information is to calculate the revenue required to 
cover production costs, including reinvestment in the firm. This measure, referred to as break-
even (BE), is a metric which calculates the unit price required by the producer to cover these 
costs. These costs may include only direct costs, or they may also include a normal profit that 
gets directly reinvested in the firm. For the latter case, these reinvested funds are considered a 
cost. Either way, the BE for the enterprise is equivalent to the unit price of production which 
yields a zero profit. It can be derived by setting the profit equation to zero and rearranging to 
yield Equation 2;   
 𝑉𝑉𝑄𝑄𝑇𝑇𝑄𝑄𝑃𝑃 𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 (𝐵𝐵𝐵𝐵) = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃�           (2) 
Break-even (BE) price is the metric which will be used for quantifying the impact that 
EU compliance has on the cow-calf enterprise’s profitability and will be calculated on a 
‘Canadian dollars per pounds weaned’ basis. It is advantageous to use BE as a metric because its 
calculation involves both total costs and total output, so changes to either of these factors will 
influence its outcome. For making economic comparisons between different production 
processes, both of these factors are expected to be affected by the adjustments required of 
producers to access the EU beef quota. Furthermore, cow-calf producers can actually exercise 
control over these factors, whereas their ability to influence prices is very limited. Therefore, 
using BE allows more accurate measurement of the changes to costs associated with achieving 
certification than would a simple total cost measurement.   
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3.3.1 Drivers of Break Even Price 
 As can be seen in Equation 2, BE price consists of two factors: total costs of production 
and the total quantity produced. These factors are further broken-down into sub-components, as 
the profitability of the cow-calf enterprise can be influenced by several elements, some of which 
were elaborated upon in Chapter 2. The most important or influential drivers of production costs 
and productivity were discussed in the literature review, but this was far from a comprehensive 
list of all components. Furthermore, the factors described in the literature review were not 
presented exclusively in the context of western Canadian beef production, which is the region of 
focus for this research. Thus, additional discussion of the smaller components that will be key in 
building of a BE model for western Canadian cow-calf operations is warranted.  
 The total cost of production may be broken down into three categories, as defined by 
Larson (2013); direct costs, yardage costs and other costs. Although provincial cost of 
production budgets for western Canada may organize the expenses within these categories 
differently, typically the same items are included in the budget as a whole (AAF, 2016; Manitoba 
Agriculture, Food and Rural Initiatives, 2010). Direct costs can be thought of as the expenses 
related directly to the maintenance and health of the cattle. This includes expense categories such 
as feed and bedding, veterinarian services and pharmaceuticals, mineral supplements and 
breeding costs. Additionally, the total cost of this category is directly determined by the number 
of cattle in the herd, making them true variable costs. Although this is still somewhat the case for 
yardage costs, the relationship between herd size and total cost is not as direct. Yardage costs 
include the fixed costs of the operation, such as equipment and facilities, and the variable costs 
associated with them. These would include expenses such as fuel and repairs, utilities, and 
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labour, both paid and unpaid (Schoepp, 2011). Finally, costs, such as interest payments, trucking 
and marketing costs make up the ‘other’ third category.  
 Total production refers to the quantity of weaned beef calves that are available for sale at 
the end of the growing season. This measure can be expressed in total pounds, which is 
calculated by multiplying the number of weaned calves by their average live weight at sale time. 
The number of calves for sale is determined by the number of brood cows in the herd. However 
biological performance levels, of both the cows and calves, influences the actual output at the 
end of the season. Calving percentage, the portion of live calves born of all the bred cows, and 
death loss, the proportion of calves that do not survive to weaning time, are the key determinants 
of the number of calves weaned at the end of the season. The weights of these calves are mostly 
determined by their growth rates, often expressed as the average number of pounds gained per 
day, or average daily gain (ADG). ADG itself can be influenced by many factors such as the 
milk yield of the dam, breed, body type or forage quality (Sanders, 1977; Pang, 1997). Thus, 
output of cow-calf firms may be influenced by many factors beyond the number of cows 
producing calves.   
 Although total cost and production output are separate variables, some of their 
determinants are shared. The number of brood cows in the herd is an obvious example of this 
over-lap, as this value drives variable costs and can determine the influence of economies of size 
as well as total output. Growth rates, which influence the amount of feed required by the cow-
calf pair as well as the total pounds of weaned calf, is another case in which a single variable can 
influence these measure simultaneously (Sanders, 1977; Pang, 1997). The existence of these 
interactions between different variables and their influence on measures of profitability can make 
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the process of building a model to predict the effect of EU compliance on BE complicated. 
Therefore, deterministic systems modelling strategies will be employed for development of this 
model, so that these interactions can be conceptually mapped out to ensure they are properly 
represented in the model and their whole influence on the BE measure is parameterized.   
3.4 Model Development  
The BE for western Canadian cow-calf operations will be simulated using a deterministic 
systems modelling approach. As the literature covered in the previous chapter indicated, systems 
modelling provides a method by which beef production processes can be mimicked, then 
variables can be manipulated to simulate various outcomes (Ruth and Hannon, 1997; Mayer, 
2002). An advantage of using a systems dynamics model is the ability to conceptually lay out the 
interactions of the variables, in addition to running simulations. This is because each variable 
must either be defined by a parameter if it is a boundary variable, meaning the system does not 
extend beyond it, or an equation if it interacts with others. 
First, the BE variable and its components will be mapped out. Break even, as defined by 
Equation 2, is directly determined by total production costs and total output. In Figure 3.1, these 
three variables and the direction of their effects on one another, as indicated by the arrows, are 
mapped. 
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     Figure 3.1: Break-Even Direct Drivers. 
 
However, as was discussed in the previous section, these variables alone are not enough 
to adequately simulate BE since there are several variables which influence costs and 
productivity. Mapped in Figure 3.2 are the directions of causality for the next layer of variables. 
Although these variables do not directly affect BE, they must still be included in the model, as 
they indirectly influence this measure through their relationship with the direct factors that 
comprise the BE metric.   
 
Figure 3.2: Break-Even Second Level Drivers 
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There is still another level of variables that need to be added to those model in Figure 3.2, 
as several of these cost and productivity variables are not exogenously determined. Most notably, 
the influence of factors related to the brood cows are not yet incorporated into the model. This 
short-coming must be addressed, as the brood cattle are the foundation of several of these costs 
as well as the total production level of the cow-calf enterprise. 
Figure 3.3 shows the interactions that the variable for number of brood cows, or herd 
size, has with several other variables in the model. This variable influences the BE of the cow-
calf enterprise by its indirect relationships with both costs and production. The importance of 
herd size on ranching profitability was motivated by the review of literature, which indicated that 
herd size can play an important role even though its influence on economic efficiency is still 
open for debate.  
 
Figure 3.3: Break-Even Third Level Drivers 
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 The conceptual model laid out in Figure 3.3 will be the framework on which the model 
for BE is based. However, this model is not yet able to simulate the effect that altering 
production practices to meet EU compliance requirements would have on BE. The next step in 
building a model that can simulate BE under EU compliance, as well as conventional production, 
is to further understand how these production requirements interact with typical production 
processes and the adjustments that the model requires to mimic the impact that will be had on a 
cow-calf operation.    
3.5 Elements of Compliance  
3.5.1 Production without GEPs 
 The EU prohibited substances of concern for the cow-calf segment of Canada’s supply 
chain include zeranol, progesterone, estradiol benzoate, and estradiol-17 beta. These are the 
active ingredients in the four hormone implant products approved for suckling calves in Canada 
(AAF, 2008). Although these products have different active ingredients, growth response to them 
is quite similar amongst beef calves. The average response of steer calves to either zeranol or 
progesterone estradiol-benzoate combination implants is an addition of 0.10 lbs to their ADG. 
Growth responses from heifers tend to be slightly higher, with a 0.12 lb addition to ADG when 
treated with zeranol (Selk, 1997).  
 Production of beef calves without use of these growth enhancing products will result in 
foregone production, as weaning weights are expected to decline relative to their potential 
without the use of hormonal implants when all else is held constant. This loss to biological 
performance will impact the BE of the cow-calf enterprise by decreasing the pounds of calf 
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weaned. Generally improved biological performance reduces per-head production costs, 
especially when comparing producers operating under similar climatic conditions (Alberta 
Agriculture and Food, 2011; Ramsey et al., 2005; Samarejeewa et al., 2012). Therefore, the 
model in Figure 3.3 needs to be adjusted so the effect that removal of hormone implants from the 
production process has on production levels can be simulated and its effect on the BE measure 
captured.   
 The other capacity in which foregoing GEPs influences cost of production is through 
direct costs. Purchasing GEPs to administer represents an additional direct cost, which increases 
their total production costs. Thus, foregoing the use of these products also affects the total COP 
part of the BE calculation. This is another aspect of compliance with the program that needs to 
be added to the direct costs component of the model depicted in figure 3.3.  
3.5.2 Record Keeping, Identification, and Administrative Tasks  
 As can be easily seen throughout the program description, abstaining from implanting 
calves with the prohibited substances is just one small component of the EU program. Also 
required is the assurance that the calves were not implanted, which this program partially 
achieves through inspections and traceability requirements at the producer level. Proof that cattle 
for EU export have never been treated with growth enhancing products relies heavily on 
identification and record keeping, responsibility for which falls upon the producer. Therefore, 
producers enrolling their calves in the EU program to access this marketing channel must take on 
additional administrative labour burdens beyond what is required for selling calves through 
conventional channels.  
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 All Canadian cattle must carry an approved radio frequency identification (RFID) tag, 
shown in Figure 3.4, prior to leaving their farm of origin to comply with the Canadian Cattle 
Identification Agency (CCIA) traceability program. Doing so is now mandatory for Canadian 
beef producers, with financial penalties for non-compliance being as large as $10,000. Each 
RFID tag is embedded with a unique identification number, which is recorded in the national 
database along with the information of the producer to which it was issued through the tag 
distribution network (Canadian Cattle Identification Agency, 2009). In Alberta, producers are 
further required to age verify their cattle in the Canada Livestock Tracking System before 10 
months of age or leaving the farm, whichever comes first (AAF, 2015). As compliance with the 
CCIA program is already mandatory, the traceability requirements for EU compliance do not 
present an additional cost to cow-calf producers.   
 
Figure 3.4: RFID Tag 
Source: Author’s photo 
However, not all producers will have adequate identification practices in place for 
automatic compliance with the EU program (Manglai, 2016). If some calves on the farm are to 
be treated with hormone implants and sold via other channels, the calves enrolled in the EU 
program must be marked so they can be easily identified visually. Thus, they would require an 
alternative identification system beyond the compulsory RFID tag. The reason for an alternative 
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ID method is the fact that RFID tags are small and their numbers are difficult to read without an 
electronic reader, making them impractical for distinguishing individual animals from one 
another during a walk-through inspection (CFIA, 2016). 
 Another issue with meeting the traceability standards of the program arises with the tag 
replacement report component, which is not required by the CCIA. For EU-intended calves, any 
lost or revoked RFID tags need to be replaced and thoroughly documented prior to leaving the 
farm of origin. To complete the tag replacement report shown in Appendix A, information is 
needed on the number of the replaced RFID tag, how the missing tag and animal were identified, 
the number of the replacement tag, the date of the re-tagging, and the person who did it (CFIA, 
2016). As approximately 4 percent of RFID tags go missing after being applied (CCIA, 2016), 
this report will likely need to be filled out each year if the calves are tagged in the spring, several 
months prior to leaving their farm of origin (Hays, 2010). In this case, an alternate ID system 
would also be needed to cross reference with the RFID tag numbers, even if all calves are to be 
enrolled and there is no reason to distinguish them from one another. Although not explicitly 
required by the program, having a second form of ID also tends to be the common practice for 
existing participants in the program (Faintuck, 2017; Fenton, 2017; Hagel, 2017; Kostelansky, 
2017).  
 Shown in Figure 3.5 is how an RFID tag and an alternate ID tag, also called a ‘dangle’ 
tag, appear on an animal. As can be observed in this picture, the RFID tag does not lend itself 
well to the purpose of identifying individual animals upon visual inspection. Its small size makes 
the numbers very difficult to read, and they can frequently be covered by hair. Conversely, the 
figures written on the white dangle tag can easily be seen. Identification of individual animals at 
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the farm level, for purposes of herd management, favors the larger dangle types of tags that can 
be adapted to any numbering system (Lastiwka, 2014). For reasons already discussed, appending 
both an RFID and a dangle ID tag tends to be practiced by producers enrolled in the program 
(Faintuck, 2017; Fenton, 2017; Hagel, 2017; Kostelansky, 2017).  
 
Figure 3.5: RFID and Dangle Tag 
Source: Author’s photo 
The subsequent burden for producers once adequate identification procedures are in place 
is the maintenance of inventory records. EU certification requires that records of animals 
enrolled in the program must be kept for at least 3 years by the farm of origin from the date that 
the calves were born. Thus, another additional task is required by producers wishing to enroll, as 
they will need to fill out the Register for Birth Farms, included in Appendix B. This document 
requires a list of the approved tag numbers of the calves enrolled in the program, which need to 
be linked to a transfer certificate number and date. The transfer certificate, Appendix C, is 
another piece of documentation which the producer is responsible for completing prior to 
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transferring the calves to another farm, feedlot or auction market. This documentation is specific 
to EU program enrollment only, thus presenting a new additional administrative cost to 
producers (CFIA, 2016).   
 As a result of these additional tasks, which are not required for conventional marketing 
channels, an increase in labour expenses are expected to be associated with program compliance. 
This is another component of the model shown in Figure 3.3 that will need to be adjusted, so that 
the impact of the administrative burden of meeting EU export regulations on BE can be 
simulated. Although there is some overlap between standard requirements under Canada’s 
mandatory traceability program and the EU export program, the latter demands more thorough 
record-keeping which poses an increase in labour hours to maintain them.  
3.6 Compliance Scenarios 
Removal of growth promoting technologies, added record-keeping burden and time 
requirements for the certification process influence BE. However, these impacts will not be 
homogenous across all producers, as there is a large degree of variation in production practices 
amongst cow-calf producers. Many producers already choose to not implant their calves 
(WBDC, 2015), and the degree of record keeping undertaken can vary from operation to 
operation (Manglai, 2016). Therefore, the cost of meeting certification requirements for EU 
export will depend on the types of practices already in place for a particular operation.  
 To achieve more detailed estimates of the cost difference between EU certified and 
conventional production, costs will be simulated for various compliance scenarios. In an effort to 
reflect a realistic cost for complying with the EU program requirements, more than one scenario 
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must be taken under consideration as cow-calf production practices can vary widely between 
firms. Some practices, which producers may or may not follow regardless of their intent to sell 
EU certified calves, will inadvertently bring them closer to or further from meeting the 
compliance requirements. As a result, some producers will face a smaller incremental change to 
their production practices than others when adjusting their management to comply with the 
program. Therefore, more than one compliance scenario will be simulated to reflect how varying 
degrees of change affects BE. In each scenario, the BE prior to compliance will be compared to 
the BE following the necessary adjustments being made. The difference in BE before and after 
compliance represents the price premium needed by the producer to cover additional expenses 
and make them no worse off by following EU compliant protocols.   
 Certain components of production costs will apply consistently to all scenarios, 
regardless of the production adjustments being made. First of all, the costs directly related to the 
maintenance of the brood cows will be equivalent across scenarios. EU compliance is concerned 
solely with the practices administered to the calves which are intended to enter the production 
chain that leads to their export. None of the program requirements restrict production processes 
associated with the brood cows or their traceability status, as these cattle are not intended for EU 
meat export. Therefore, the costs directly related to the brood cows are not expected to change in 
response to the EU compliance status of the operation, and will remain as the status quo. Rather, 
only the costs that are related specifically to the processing and traceability for the purpose of 
program compliance of the calves will be considered. In the following discussion of the 
compliance scenarios, it is the adjustments to these production processes specifically that will be 
considered.  
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Additionally, certain elements of compliance will apply consistently across firms, 
regardless of the production practices already in place. These concern the administrative labour 
involved in maintaining the documentation that is specifically for maintaining status in the 
program and the CFIA inspection which enrolled producers are subject to at least once per year. 
Due to these tasks being specific to enrollment in the program alone, it is assumed that prior to 
seeking certification no producers were completing them. Therefore, all compliance scenarios 
will have the administrative labour costs associated with maintaining the program applicable to 
them. 
 3.6.1 Scenario A 
 The first compliance scenario models a case of being ‘least complaint’, which can be 
thought of as operations that must undergo the largest adjustments to their existing procedures to 
meet EU specifications. It assumed in this case that these producers are utilizing the prohibited 
growth enhancing products and meeting the minimal requirements for traceability and 
identification protocols. For this group to transition to EU complaint production they will 
experience a decline in productivity by foregoing the implant, assuming they keep all other 
management practices that influence that growth rate of calves constant. However, foregoing of 
the implant will eliminate the cost of purchasing it, so there will also be a decrease in veterinary 
expenses.  
 The second adjustment to their existing protocols is the implementation of an alternative 
ID system. It is assumed for scenario A that these producers are RFID tagging their calves during 
routine spring processing, as this is a convenient time to do so. Therefore, this group will need to 
expend additional labour hours to complete the task of applying an alternative individual ID to 
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their calves so that it can be cross-referenced with the RFID tag. It is assumed that the individual 
ID tagging will occur in spring as well, shortly after the calf’s birth in line with common practice 
for producers that do tag (Larson, 2017; Hays, 2010). Thus, this task presents an additional 
demand for labour hours as it was not a practice being followed prior to enrollment. 
 3.6.2 Scenario B   
 The group of producers represented in this case are considered ‘partially compliant’, in 
the sense that they already partially meet the requirements for becoming EU certified by already 
having an alternative ID system in place in addition to standard traceability obligations. 
Therefore, in making the necessary adjustments they are only foregoing the use of hormone 
implants which affects productivity and veterinary expenses. Implementing an alternative 
tagging ID system does not present an additional cost associated with EU compliance for this 
scenario, as this labour cost was already being incurred regardless of their status in the program.  
 3.6.3 Scenario C   
 This scenario also represents a group of partially compliant producers, but the 
components of their existing operation that already conform to EU requirements are exactly 
opposite of that in Scenario B. In this case, the producers already have chosen to forego the use 
of hormone implants, which means that adhering to the program requirements will not affect 
their existing productivity level. However, these producers are assumed to RFID tag their calves 
in the spring and do not have an alternative ID system in place, which is an incremental labour 
expense they would have to incur if they were to join the program.  
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 3.6.4 Scenario D 
 These producers represent those that already have in place most of the required practices 
to meet the program requirements. It is assumed this group has already foregone the hormone 
implant and has in place an alternative ID system. Therefore, their productivity and ID protocol 
expenses are expected to remain consistent following the transition to EU compliance.  In this 
case, the administrative costs related to maintaining the program-specific documents and the 
time required for the annual inspection are the only additional costs that compliance will present, 
which applies to all of the other scenarios as well.  
 Table 3.1 summarizes the scenarios and the adjustments that would need to be made if 
the producer were to enroll in the EU program. Each ‘X’ in this table indicates as practice 
already being followed and represents an area of their typical production processes that would 
need adjusting, resulting in a change to their existing production costs. As can be seen, the CFIA 
program-specific documentation maintenance and the inspection present costs to all producers 
regardless of their existing practices or status in the program.  
Table 3.1: Summary of Compliance Scenarios 
  A B C D 
Implant 
Calves X X - - 
RFID Tag 
Only X - X - 
CFIA 
Inspection & 
Paperwork 
X X X X 
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3.7 Conceptual Systems Model 
 Illustrated in Figure 3.6 are the drivers of production cost that will be considered in this 
analysis and how the previously discussed compliance requirements are related to them. Each 
part of this system influences the BE required for a cow-calf operation. Therefore this model can 
mimic each compliance scenario, both before and after production processes are adjusted to 
enroll in the EU program, to reflect the impact that compliance has on BE. Thus, it enables 
comparisons to be made not only between production before and after enrollment, but between 
hypothetical groups of producers represented by each scenario. This provides a framework by 
which the minimum premium that would be needed to procure a supply of EU complaint calves 
can be estimated, as the benefits of participation in this marketing channel must outweigh the 
costs incurred to comply (Brocklebank, 2004).  
 
Figure 3.6: Conceptual Model 
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Chapter 4 – EMPIRICAL FRAMEWORK 
4.1 Introduction 
 This chapter will describe the process of parameterizing the conceptual model developed 
in Chapter 3 and expressing it in mathematical terms. The parameters and equations which 
govern the relationships between variables are extrapolated from data found in a variety of 
sources. The goal is to create a systems model that mimics the costs and productivity of typical 
western Canadian cow-calf operations as they transition from their status quo production 
practices to EU certified ones. The scenarios described in Chapter 3 can then be simulated to 
estimate the BE requirement for each scenario before and after compliance, enabling the 
determination of the premium each group of producers needs to gain their participation in the EU 
beef market channel.  
 The Vensim program, developed by Ventana Systems Inc., is the modelling software 
used to build and simulate the model. Specifically the Personal Learning Edition (PLE) and PLE 
Plus were used interchangeably. Besides having the capacity of build and simulate systems 
models, this software had a ‘Synthesim’ function, which facilitated sensitivity analysis by 
enabling the user to simultaneously alter parameter values and see instantaneous changes to the 
results. Described throughout the remainder of this chapter are the assumptions underlying the 
parameter values and equations used to develop a usable model, and a tabulation of all of the 
elements input into the Vensim software. 
As is illustrated in Figure 4.1, approximately 75 percent of all Canadian beef calves are 
produced in the western Prairie Provinces of Alberta, Saskatchewan and Manitoba (Statistics 
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Canada, 2014). Therefore, information from these regions will be used to parameterize the BE 
model. The provincial proportions of beef cow inventory from each province are 49, 36 and 15 
percent for Alberta, Saskatchewan and Manitoba, respectively (Statistics Canada, 2014). 
Although there exists cost of production (COP) budgets for the cow-calf enterprise in each of 
these provinces, only the budgets from Alberta and Saskatchewan will be used to parameterize 
the BE model. The methodology of Manitoba’s production budget is the reason for its exclusion. 
Alberta and Saskatchewan’s COP data is taken from producer surveys, whereas Manitoba 
Agriculture Food and Rural Initiatives (MAFRI)’s data is compiled based on a set of 
assumptions made about a hypothetical cow-calf operation, rather than based on actual 
production. Therefore, the results of MAFRI’s production budget are very different from those of 
the other Prairie Provinces. Secondly, the expense categories used are quite different than those 
for Saskatchewan and Alberta’s COP, which makes the adaptation of MAFRI’s COP to fit the 
model’s defined expense categories difficult. In particular, the MAFRI COP has additional 
expense lines that do not align with the other provinces’ in some cases, and in others, there are 
expense lines missing that the others included. Finally, Manitoba’s share of the beef cow 
inventory is small, so the influence that COP in this province, if included, would have been small 
in the overall weighted average.   
 
 
 
 
 59 
 
 
0
1,000,000
2,000,000
3,000,000
4,000,000
5,000,000
6,000,000
1991 1996 2001 2006 2011 2016
N
um
be
r 
of
 A
nim
al
s
Census Year
Beef Cow Inventory 
Canada
Prairie Provinces
Alberta
Saskatchewan
Manitoba
  
 
Figure 4.1: Beef Cow Inventory Canada and the Prairie Provinces 
Source: Statistics Canada (2017) Table 004-0221 
 The COP data used to parameterize the cost components of the BE model includes the 
WBDC’s 2012 Saskatchewan Cow-Calf Cost of Production Analysis (Larson, 2013) and Alberta 
Agriculture and Forestry’s AgriProfit$ Multi-Year Economic, Productive & Financial 
Performance of Alberta Cow/Calf Operations (AAF, 2016). Both of these reports use survey data 
from producers across the provinces who voluntarily offered to provide information regarding 
their cow-calf operations. The WBDC survey was conducted for the 2012 production season, 
whereas AAF has surveys spanning several years. For the development of this BE model, data 
from the common year, 2012, will be used. Also to be taken from these surveys is the required 
productivity data, as variables such as herd size and weaning weight are related to COP. Due to 
the relationship between productivity and profitability, the productivity parameters in the model 
must correspond with the COP data.  
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 The data contained in these COP budgets for Alberta and Saskatchewan will need to be 
combined in some way to reflect typical cost and productivity values for producers in these 
provinces. To do so, a weighted average approach will be taken using information from the 2011 
Census of Agriculture, which is the closest census to 2012. These resulted indicate that between 
the Saskatchewan and Alberta beef herds, Saskatchewan is home to 42 percent of beef cows and 
Alberta is home to the other 58 percent (Statistics Canada, 2014). These proportions will be used 
to weight the data from each province when an average is being calculated. Summarized in Table 
4.1 is the COP survey results for Saskatchewan and Alberta individually, as well as the weighted 
average COP. The data summarized in Table 4.1 represents a sample size in excess of 50 
producers located throughout these two provinces (Larson, 2013; Oginskyy, 2017).   
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Table 4.1: Provincial COP Survey Results 
Saskatchewan Alberta Weighted Average
# of Cows 198 264
Winter Feed 1 $189.14 $277.44 $240.35
Grazing 2 $125.74 $218.16 $179.34
Veterinary & Medicine $25.46 $18.49 $21.42
Breeding Stock $52.47 $0.73 3 $22.46
Total Direct Costs (A) $392.80 $514.82 $463.57
Fuel $25.62 $13.95 $18.85
Machinery Repairs $17.71 $11.47 $14.09
Building & Corral Repairs $9.58 $4.41 $6.58
Utilities & Misc. $21.04 $15.33 $17.73
Custom Work $8.75 $5.75 $7.01
Paid Labour $11.23 $13.26 $12.41
Unpaid Labour $71.70 $31.47 $48.37
Taxes/Lic./H20 $8.86 $7.95 $8.33
Depreciation $37.19 $34.94 $35.89
Lease Payments $1.21 $1.00 $1.09
Total Yardage Costs (B) $212.90 $139.53 $170.34
Capital Interest $6.00 $3.70 $4.67
Operating Interest $7.46 $1.01 $3.72
Trucking/Marketing Costs $11.32 $12.15 $11.80
Share/Lease Cattle Payment $1.99 $1.15
Total Other Costs ( C) $24.78 $18.85 $21.34
Total Costs (A+B+C) $630.47 $673.20 $655.26
1-Winter feed includes bedding
2-Grazing includes salt and mineral
3-Bull Rental/Breeding Fee
354
      Costs ($/Cow)
 
 As can be observed in Table 4.1, there are some large disparities between average 
expenses reported for these provinces. This may be related to several issues, such as a small 
sample sizes, differences in the interpretations of the expense categories by survey respondents, 
or the wide degree of variability between cow-calf producers and their respective COPs. As a 
result, the COP data used to build the model may be inconsistent and taking a weighted average 
may cause the resulting parameter to be an inaccurate representation of the true population 
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parameter. However, alternative sources for Saskatchewan and Alberta cow-calf COP are not 
available, so this data is to be utilized and interpreted cautiously.  
4.2 Exogenous Variables  
 The variables described throughout this section represent the system boundaries. These 
variables are considered exogenous in the sense that they are determined outside of the system, 
and so they are parameterized using values that are taken as a given. In reality, there can be many 
factors which influence the value of these variables. However, this model is primarily interested 
in simulating the BE for cow-calf production, so several simplifications were made to keep the 
model focused simulating this metric without unnecessary steps. Systems modelling inherently 
requires the abstraction of reality, and so simplifying assumptions were made to ensure the 
model under development maintained its focus on the stated research objectives (Ruth and 
Hannon, 1997).  
 4.2.1 Herd Size 
 Herd size refers to the number of brood cows and heifers on inventory at the start of the 
year (AAF, 2016). The average herd size across all surveyed producers are reported directly in 
the COP budget publications. For the Saskatchewan survey, the average herd size was 354, and 
for the Alberta survey it was 198. To parameterize this variable in the model, the weighted 
average was taken between the two provincial surveys based on the proportion of beef cows 
residing in each province. The parameter value used is 264 brood cattle.  
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4.2.2 Weaning Percentage 
Along with herd size, the average number of calves weaned at the end of the season was 
also reported in the COP budgets. Therefore it was possible to calculate an average weaning 
percentage between the two provinces. The measure was derived by dividing the number of 
calves weaned by the number of brood cattle, as defined in section 4.2.1. This yielded an average 
weaning percentage of 86.9 percent for Alberta and 87.6 percent for Saskatchewan. The 
weighted average between the two provinces is 87.2 percent, which is the value that will be used 
to parameterize this variable.  
 4.2.3 Calving Percentage 
 Calving percentage refers to the number of live births per of brood cow. This metric is 
necessary to include in the model, as expense calculations for items such as the hormone 
implants or tagging labour hours are determined by the number of live calves in the herd at 
spring time, and incurred for calves that do not survive to weaning time. Data for number of live 
births was not included in the Saskatchewan COP survey, but was for Alberta. The calving 
percentage calculated from the Alberta survey was 90.9 percent, which will be the parameter 
value used, as a calving percentage from Saskatchewan was not available.    
4.2.4 GEP Response 
Implants can add an additional 0.1 pounds to the average daily gain rate over the period 
from implanting to weaning, approximately 150-210 days, with this effect being observed 
consistently across different active ingredients (Selk, 1997). Therefore, the average effect of 
implanting ranges from 15 to 21 pounds of additional weaning weight compared to a non-
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implanted calf. The midpoint of this range, 18 pounds, is the parameter used to value the gain 
response for implanting calves. The GEP response variable will interact with the implant binary 
decision variable and the base weaning weight to reflect the change in production when GEPs 
are administered to the calves.  
4.2.5 Base Weight  
Base weight refers to the expected average weaning weight when growth enhancing 
products are not administered to the calves. It is important to use a value for base weight that is 
associated with the COP data being used to parameterize the model. The reason for this is the 
relationship between biological performance indicators, which includes weaning weight, and 
profitability (AARD, 2011; Miller et al., 2001; Taylor and Field, 1995). For this variable, the 
weaning weight data recorded in the COP publications is utilized. They reported an average 
weaning weight of 513 lbs per calf for Saskatchewan (Larson, 2013) and 575 lbs per calf for 
Alberta (Oginskyy, 2017). Using the same weighted average applied to the COP data of 42 
percent for Saskatchewan and 58 percent for Alberta, the average weaning weight is calculated 
to be approximately 550 lbs per calf. This 550 lb average weight cannot yet be used to 
parametrize the model, as this average includes calves that were implanted and those that were 
not. The assumptions of a 24 percent portion of treated calves (WBDC, 2015) and an average 18 
lbs difference in weight (Selk, 1997) were used to calculate an average weaning weight of 546 
lbs for untreated calves7.  
 
                                                          
7 The following formula was used to solve for an overall average weaning weight of 550 lbs using Excel Solver 
software; 24% * (x+18) + 76% * x = 550.  
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4.2.6 Binary Decision Variables  
The binary decision variables indicate a choice to be made by the producer. These 
variables will take on a value of 0 if the protocol of concern is not being implemented, and 1 if it 
is. They will interact with the equation set up for the endogenous variables to turn additive parts 
of that equation ‘on’ or ‘off’, depending on whether the decision variable takes on a value of 0 or 
1. This will allow several simulations to be run using the same model, but with different 
combinations of management decisions being made, thus enabling the simulations of BE for the 
scenarios described in Chapter 3. 
Hormone Implant – this variable will be set to a value of 1 if the producer implants their calves, 
and 0 if not. The assumption made here is that producers enrolling in the program will forego the 
use of implants for all of their calves, even though it is possible to segregate implanted from non-
implanted cattle and remain compliant under the program framework. However, choosing to 
enroll a mixed-status herd in this program makes the documentation and CFIA inspection 
procedures considerably more rigorous. Thus, cow-calf producers currently enrolled in this 
program tend to forego GEP usage on all of their cattle (Faintuck, 2017; Fenton, 2017; Hagel, 
2017; Kostelansky, 2017). Additionally, given the low rate of implant usage across all producers 
in this segment of the supply chain, foregoing the use of implants seems to be a popular choice 
regardless of program status (WBDC, 2015).  
This binary variable could interact with three endogenous variables; direct costs, labour 
costs and total production, which has already been discussed. Labour costs for actually 
administering the implant are assumed to be nil in this model. Most producers vaccinate, castrate 
and implant their calves around 2 months of age (Selk, 1997). This is also when the implant 
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procedure is typically done, in combination with other routine processes when calves are 
handled. This means that all of the labour associated with the preparation, gathering, sorting and 
restraining calves required for routine spring processing of animals will be not counted as labour 
costs for implanting, as these activities happen regardless of the implant procedure. Only the 
time associated with actually administering the implant can be considered an additional labour 
burden associated with implanting. As this is a very quick procedure, taking only a few seconds 
per calf , the incremental labour cost for implanting is considered to be nil and not included in 
the simulations.   
Purchasing GEPs affects the veterinary expense category, which is a component of direct 
costs. There are four hormone implant products currently registered for use in beef calves in 
Canada. Price data was gathered from retailers which handle suckling calf implants, located in 
Saskatchewan and Alberta. The most commonly offered implant product was Ralgro. No price 
information was found for Component E-C, but information for its ‘look-alike’, Synovex-C, was 
obtained. These products are summarized in Table 4.2, with the average price across them being 
$1.72 per dose. This price will be multiplied by the binary decision variable for implanting, as 
well as the calving percentage since only live calves at spring processing will be implanted, and 
be added to direct costs. Therefore, when producers choose to implant, the cost of the product 
will be reflected in the cost of production calculation.  
 
 
 67 
 
 
Table 4.2: Approved Products for Suckling Calves in Canada 
Product Active Ingredient Approved Use Price 
Ralgro 36mg zeranol 
Nursing steer calves 
and heifers intended 
for breeding > 30 
days old to weaning 
$1.45/dose 
Synovex-C 
100mg progesterone 
& 10mg estradiol 
benzoate 
Nursing steer calves 
and heifers intended 
for breeding > 45 
days old to < 410lbs 
$1.30/dose 
Compudose 24mg estradiol-17 beta 
Steers > 175 lbs, not 
for use in heifers 
intended for breeding 
 
$2.40/dose 
 
Component E-C 
100mg progesterone 
& 10mg estradiol 
benzoate 
Nursing steer calves 
and heifers intended 
for breeding > 45 
days old to < 410lbs 
N/A 
Source: Alberta Cow-Calf Guide; various veterinarian clinics and farm supply retailers 
 
Individual ID Tagging – When this variable equals zero, it indicates that the manager chooses to 
not use an alternate individual ID system. Individual ID tagging affects two endogenous 
variables: labour and direct costs. This task is assumed to take approximately 5 minutes per calf, 
and requires two people8. This amounts to 10 minutes of total labour required per calf to 
individually ID tag. There is also an expense associated with purchasing the tags. Floppy ID tag 
                                                          
8 This estimate is a result of conversations with various producers and the WBDC.  
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prices range from $1.28 to $1.68, depending on brand and size9. Therefore, an average price of 
$1.48 per tag is assumed.  
CFIA Inspection, Program Administration and Documentation – An important assurance of 
compliance with the program for certifying GEP free beef is annual on-site assessments 
conducted by a CFIA approved veterinarian. The purpose of these visits is two-fold: to confirm 
that the producer is maintaining their commitment to not using GEPs in EU-destined calves, and 
to procure the necessary documentation so they can submit their recommendation to a CFIA 
district veterinarian. Typically, these visits occur once per year for producers that are familiar 
with the program and require 1.5 hours to complete (CFIA, 2016; Faintuck, 2017; Fenton, 2017; 
Kostelansky, 2017).  
  The on-site assessments would not be completed free of charge, as the veterinarian must 
be compensated for their time in completing them. Therefore, this binary decision variable will 
be associated with a veterinarian service and mileage fee. Using a general professional rate from 
the Saskatchewan Veterinary Medicine Association’s rate guide, which is $249.00 per hour, the 
time for the inspection is estimated to be valued at $373.50. In addition to that, the veterinarian 
would need to charge mileage for travelling out to the farm to conduct inspections. To value this 
expense the base mileage rate of $59.90, which applies for travel to all sites within 18 km, is 
used. Thus, the total annual charge for the veterinarian inspection is estimated to be $433.40. It 
should be noted that this estimate may be under-valued as a result of using only the base mileage 
rate. In reality, producers may be located more than 18 km from a CFIA approved veterinarian, 
so the mileage charge for the on-farm visit could be larger. However, the wide geographic range 
                                                          
9 Price information was gathered from livestock supply retailers including: United Farmers of Alberta, Peavey Mart, 
and Canadian Co-operative Wool Growers.  
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over which cow-calf production takes place makes the assumption of an average distance 
between a producer and an approved veterinarian unreliable. Secondly, these inspections are not 
highly time sensitive so it is likely that the veterinarian could schedule appointments in advance 
that are close together and reduce travel time. For these reasons, the base mileage rate will stand 
as the proxy for mileage charge in this analysis, but it needs to be acknowledged that this may 
undervalue the actual charge for a specific producer.  
In addition to on-site assessments, producers are also responsible for the maintenance of 
accurate inventory records and adequate documentation in addition to what is typically required 
(CFIA, 2016). However, with the use of computers, meeting this requirement is not a highly time 
consuming task. Conversation with a currently enrolled producer suggested that approximately 
an hour per year is all the time needed, in addition to inspection, for completing the CFIA 
administrative component of the program (Hagel, 2017). Therefore, a total of 2.5 hours per year 
is assumed to be the labour time requirement for enrollment.  
4.3 Endogenous Variables 
 4.3.1 Weaning Weight 
 Equation 3 governs the relationship between base weaning weight and the administration 
of an implant. It calculates the average weaning weight of each calf with or without the use of a 
hormonal implant, depending on the value that the binary decision variable takes.  
𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊 𝑊𝑊𝑃𝑃𝑃𝑃𝑊𝑊ℎ𝑃𝑃 = 𝐵𝐵𝑄𝑄𝐶𝐶𝑃𝑃 𝑊𝑊𝑃𝑃𝑃𝑃𝑊𝑊ℎ𝑃𝑃 + (𝐺𝐺𝐵𝐵𝑃𝑃 𝑅𝑅𝑃𝑃𝐶𝐶𝑅𝑅𝑃𝑃𝑄𝑄𝐶𝐶𝑃𝑃 ∗ 𝐻𝐻𝑃𝑃𝑃𝑃𝐻𝐻𝑃𝑃𝑄𝑄𝑃𝑃 𝐼𝐼𝐻𝐻𝑅𝑅𝑇𝑇𝑄𝑄𝑄𝑄𝑃𝑃)            (3) 
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4.3.2 Calves Weaned  
This variable is a function of the number of brood cows in the herd and the weaning 
percentage. This value must be consistent with the average number of cattle that correspond with 
COP data used, as economies of size can influence this measure (Featherstone, Langemeier, 
Ismet, 1997; Jones, 2000; Leung, Kulshreshtha and Brown, 1991). An average weaning 
percentage of 87.2 percent is applied to the number of breeding cows in the herd to determine the 
number of calves weaned at the end of the production season. This percentage reflects both pre- 
and post-natal calf losses throughout the year. The number of calves weaned is governed by 
Equation 4. 
𝐶𝐶𝑄𝑄𝑇𝑇𝐶𝐶𝑃𝑃𝐶𝐶 𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑃𝑃 = 𝑁𝑁𝑄𝑄𝐻𝐻𝑁𝑁𝑃𝑃𝑃𝑃 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶 ∗𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊𝑃𝑃           (4) 
4.3.3 Total Production 
Total production makes up the denominator of the BE equation, representing the total 
pounds of weaned calf produced for that operation. It is calculated by multiplying the number of 
calves weaned by their average weaning weight, as shown in Equation 5.  
𝑇𝑇𝑃𝑃𝑃𝑃𝑄𝑄𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 = 𝐶𝐶𝑄𝑄𝑇𝑇𝐶𝐶𝑃𝑃𝐶𝐶 𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑃𝑃 ∗𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊 𝑊𝑊𝑃𝑃𝑃𝑃𝑊𝑊ℎ𝑃𝑃            (5) 
4.3.4 Labour Costs 
Besides weaning weights and veterinary expenses, the other component of BE that is 
affected by following EU compliance procedures is labour. The COP budgets used for this 
analysis separate paid and unpaid labour. The primary difference between these expense lines is 
the fact that paid labour is a cash cost and unpaid labour is considered a non-cash expense, or 
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living withdrawal, for the time spent by the operator or ranch owner and their family in 
managing their herd (Larson, 2013). For the Saskatchewan COP surveys, producers are asked to 
assign a value to their labour, even though this ‘wage’ may not actually be paid out. Because 
there is no guideline by which producers could value their unpaid labour, large degrees of 
variability exist between the valuations that survey respondents give for their time (Larson, 
unpublished data). 
 However, the labour expense category is influenced by enrollment in the EU program, 
and so it needs to be parameterized in a way that enables comparison between management 
decisions. The Alberta survey used a value of $10 per hour for unpaid labour and $15.40 per 
hour for paid labour (Oginskyy, 2017). Using these values, the average number of labour hours 
per cow was 4.0 in 2012, and averaged 4.3 per cow from 2011-2015. This value is considerably 
lower than other estimates for western Canada. Older estimates for labour hours per cow in are 
reported by Millang (2002), which indicate that annual labour hours per cow can range from 6.67 
for low-cost producers to 14.63 for high cost producers. The assumption made by MAFRI (2010) 
for their COP budget suggests that 9 labour hours per cow are required for the cow-calf 
enterprise. These estimates for labour hours per cow are combined by taking the simple average 
of 4.3, 9, and 10.65, which is the median for Millang’s estimate range. The resulting value for 
average labour hours per cow is 8. For the assumed herd size of 264 cows, the labour hours spent 
each week is calculated to approximately 40, similar to a typical work week for other 
professions. This average of 8 labour hours per cow will be used to parameterize the model.   
The average hourly wage rate for workers in agricultural production was $24 in 2012 for 
Alberta and Saskatchewan (Statistics Canada, 2017). This will be the wage rate used to value the 
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annual labour hours input to production. Although paid and unpaid labour was valued differently 
in the COP surveys, a consistent value for labour will be used here. First of all, the 
aforementioned wage rate is assumed to be the wage required to procure labour with the skills 
needed on a cow-calf operation. Secondly, it is also considered to be the opportunity cost for the 
ranch owners and their families that spend time managing it. The skills utilized in managing their 
own herds would be employable at the $24 rate at other operations, thus representing the 
manager’s opportunity cost for choosing to forego employment on another ranch to manage their 
own.  
 The 8 labour hours per cow estimate is assumed to be derived from a range of producers 
that have adopted identification and record-keeping practices to differing degrees (Manglai, 
2016). As these practices take time, and labour is another variable which must reflect changes in 
production practices to meet EU regulations, the labour hours used to calculate this cost must 
reflect the time required to ID calves individually and maintain records. The common practice 
for individual calf identification is to place a large tag in their ear, which is marked with a 
combination of letters or numbers in accordance with the ID system in place for that operation 
and can be read from a distance (Lastiwka, 2014). Survey results for western Canadian cow-calf 
producers indicate that 93 percent of producers individually ID their calves (Manglai, 2016). It is 
assumed that this tagging occurs shortly after birth when the calf is easiest to handle and requires 
2 people an average of 5 minutes per live calf for applying the tag and recording it, totalling 10 
minutes per calf10. This includes time for preparation of the tag and equipment needed, 
separating the cow, restraining the calf and applying the tag. The portion of producers that do not 
individually ID their calves do not incur these additional labour hours and are expected to 
                                                          
10 Estimate gathered from conversations with cow-calf producers and WBDC staff.  
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experience a smaller labour cost as a result. Therefore, the average number of labour hours per 
cow for producers that do not maintain individual calf ID’s is calculated to be 7.8611, assuming a 
proportion of 93 percent who follow this practice and 7 percent that do not (Manglai, 2016).  
This value will serve as the base number of hours per cow that are required for standard 
management. The binary decision variables and the labour hours associated with each task they 
represent, as described in greater detail in section 4.2.4, will influence this base value for labour 
as governed by Equation 6. 
𝐿𝐿𝑄𝑄𝑁𝑁𝑃𝑃𝑄𝑄𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 = (7.86 + 𝐼𝐼𝑄𝑄𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝑃𝑃𝑄𝑄𝑄𝑄𝑇𝑇 𝐼𝐼𝐼𝐼 𝑇𝑇𝑄𝑄𝑊𝑊 ∗ 0.17 ∗ 𝐶𝐶𝑄𝑄𝑇𝑇𝐶𝐶𝑃𝑃𝑄𝑄𝑊𝑊 𝑅𝑅𝑄𝑄𝑃𝑃𝑃𝑃) ∗ 𝑁𝑁𝑄𝑄𝐻𝐻𝑁𝑁𝑃𝑃𝑃𝑃 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶 ∗ 24 + 𝐶𝐶𝐶𝐶𝐼𝐼𝐶𝐶 𝐼𝐼𝑄𝑄𝐶𝐶𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 & 𝐶𝐶𝑃𝑃𝐻𝐻𝑃𝑃𝑄𝑄.∗ 2.5 ∗ 24                  (6) 
4.3.5 Direct Costs 
 Direct costs refer to those costs related to the maintenance and health of the cattle. 
Enrollment in the EU program will influence this expense category in three ways, as there are 
costs for purchasing ID tags, the hormone implant and a charge for the veterinarian’s time in 
conducting the on-farm inspection. The veterinary and medicine expense line has a weighted 
average value of $21.42 per cow, which is assumed to be gathered from a distribution of 
producers who implant and those that do not. Assuming an adoption rate of 24 percent for 
implants (WBDC, 2015), a per dose cost of $1.72, and a calving rate of 90.9 percent, as only the 
live calves at spring processing will be implanted, the veterinary expense line is estimated to be 
                                                          
11 The following formula was used to solve for an average of 8 labour hours per cow: X * 7% + (X + (0.17*90.9%)) 
* 93% = 8, where X is the average number of labour hours for producers that do not individually ID their calves. 
The time required for tagging is scaled by the calving percentage to reflect the fact that only live born calves will 
receive a tag.   
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$21.04 per cow for non-implanting operations12. This $21.04 value will replace the veterinary 
expense line value shown in Table 4.1 for the production scenarios when the producer does not 
implant. Also included in this calculation is the cost of purchasing individual ID tags, which is 
scaled by the calving rate as well. The base value for direct costs will also need to be adjusted to 
represent expenditures in this category when individual ID tags are not being used. Using the 
assumed per tag price of $1.48 and an adoption rate of 93 percent (Manglai, 2016), the base 
direct cost value is estimated to be $461.94 per cow13. Finally, the total annual cost of having a 
CFIA approved veterinarian inspection conducted is simply added to the total direct costs. Direct 
costs are therefore governed by Equation 7.  
𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 = [461.94 + (1.72 ∗ 𝐻𝐻𝑃𝑃𝑃𝑃𝐻𝐻𝑃𝑃𝑄𝑄𝑃𝑃 𝐼𝐼𝐻𝐻𝑅𝑅𝑇𝑇𝑄𝑄𝑄𝑄𝑃𝑃 ∗ 𝐶𝐶𝑄𝑄𝑇𝑇𝐶𝐶𝑃𝑃𝑄𝑄𝑊𝑊 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊𝑃𝑃) +(1.48 ∗ 𝐼𝐼𝑄𝑄𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝑃𝑃𝑄𝑄𝑄𝑄𝑇𝑇 𝐼𝐼𝐼𝐼 𝑇𝑇𝑄𝑄𝑊𝑊 ∗ 𝐶𝐶𝑄𝑄𝑇𝑇𝐶𝐶𝑃𝑃𝑄𝑄𝑊𝑊 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊𝑃𝑃)] ∗ 𝑁𝑁𝑄𝑄𝐻𝐻𝑁𝑁𝑃𝑃𝑃𝑃 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶 +(𝐶𝐶𝐶𝐶𝐼𝐼𝐶𝐶 𝐼𝐼𝑄𝑄𝐶𝐶𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 & 𝐶𝐶𝑃𝑃𝐻𝐻𝑃𝑃𝑄𝑄.∗ 433.40)        (7) 
4.3.6 Yardage Costs 
 Much like the direct cost category, most yardage costs will not change as the operation 
transitions to EU production protocols except for labour expenses. As was discussed in section 
4.3.4, the labour expense line is removed from this category and treated as a separate variable in 
this model. Therefore, the paid and unpaid labour expenses reported in Table 4.1 have to be 
                                                          
12 The following formula was used to solve for an average of $21.42 per cow: X * 76% + (X + (1.72*90.9%))* 24% 
= $21.42, where X is the average veterinary expense for producers that do not individually implant their calves. The 
implant price is scaled by the calving percentage to reflect the fact that there is not exactly 1 calf implanted per 
brood cow as a result of losses. The new direct cost per cow is $463.19, with a base veterinary expense of $21.04. 
13 The following formula was used to solve for an average of $463.19, per cow: X * 7% + (X + 1.48*90.9%) * 93% 
= $463.19, where X is the average veterinary expense for producers that do not individually implant their calves. 
The tag price is also scaled by the calving percentage in this case, motivated by the same rationale.   
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subtracted from the total yardage costs, yielding a per-cow yardage cost of $109.56. The total 
yardage cost variable is therefore governed by Equation 8.  
𝑌𝑌𝑄𝑄𝑃𝑃𝑃𝑃𝑄𝑄𝑊𝑊𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 = 109.56 ∗  𝑁𝑁𝑄𝑄𝐻𝐻𝑁𝑁𝑃𝑃𝑃𝑃 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶             (8) 
4.3.7 Other Costs  
 The value for this variable is taken directly from the weighted average reported in Table 
4.1, as these expenses are not anticipated to change in response to EU compliance status. The 
only expense line which may change could be ‘trucking and marketing’, as it may be the case 
that calves sold into the EU marketing channel will be done via novel marketing arrangements. 
However, cow-calf producers already market their calves in a variety of ways, including direct 
private treaties (WBDC, 2015). Therefore, this expense category is being left to proxy the 
expenses associated with any marketing regime that may be employed by the EU supply chain. 
‘Other costs’ will be governed by Equation 9. 
𝑂𝑂𝑃𝑃ℎ𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 = 21.34 ∗ 𝑁𝑁𝑄𝑄𝐻𝐻𝑁𝑁𝑃𝑃𝑃𝑃 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶             (9) 
4.3.8 Total Production Costs  
  The total cost of production is the summation of all expense categories, which are 
already expresses as a total value for the operation as a whole. Therefore, the total cost of 
production variable is determined by Equation 10.  
𝑇𝑇𝑃𝑃𝑃𝑃𝑄𝑄𝑇𝑇 𝑃𝑃𝐶𝐶 =  𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝐿𝐿𝑄𝑄𝑁𝑁𝑃𝑃𝑄𝑄𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑌𝑌𝑄𝑄𝑃𝑃𝑃𝑃𝑄𝑄𝑊𝑊𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶 + 𝑂𝑂𝑃𝑃ℎ𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶        (10) 
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4.3.9 Break-Even 
 The variable of interest for comparing between production regimes is BE. Recall that BE 
refers to the price required for the firm to earn a normal profit. All of the variables discussed 
influence the BE price, either directly or indirectly through the total cost and production 
equations. BE is calculated by Equation 11. 
𝐵𝐵𝑃𝑃𝑃𝑃𝑄𝑄𝐵𝐵 𝐵𝐵𝐶𝐶𝑃𝑃𝑄𝑄 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑇𝑇𝑃𝑃𝑃𝑃𝑄𝑄𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄 𝐶𝐶𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶/𝑇𝑇𝑃𝑃𝑃𝑃𝑄𝑄𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑄𝑄        (11) 
 
4.4 Chapter Summary 
 The purpose of this chapter was to describe how the conceptual model built in chapter 3 
was developed so that it could be used for simulations. This process requires each component of 
the model to be parameterized using assumed values for exogenous variables or an equation that 
dictates the outcome of endogenous variables. The parameter values and relationships were taken 
from various sources, including literature as well as personal communication. Serving as the base 
of the model parameters were the COP surveys for Alberta and Saskatchewan cow-calf 
producers, which provided initial cost of production values which could be manipulated to reflect 
alternate production scenarios. Adoption rate data also played a large role in distinguishing 
between production costs when certain protocols are foregone, as the survey data did not make 
these delineations. Therefore, it had to be assumed that the COP survey data was drawn from the 
same distribution as the adoption rate survey data.  
The final model, shown in Figure 4.1, varies slightly from the conceptual model outlined 
in Chapter 3. Most of the variations were made so that the parameterized model has all of the 
exogenous variables required for calculations linked to the proper endogenous variables. The 
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other notable change is the elimination of ADG from the model. As was discussed in section 
4.3.1, biological performance can be an important driver of COP, so it is necessary to 
parameterize the weaning weight variable using the weights reported in the COP survey. As 
there was not adequate information reported to determine the average ADG for the surveyed 
operations, a base weight which is adjusted for the usage of implants was used instead of ADG.  
 
Figure 4.2: Structure of Empirical Model14 
  
In this chapter, data from various sources was organized and applied to the systems 
model in a manner that is intended to mimic BE determination in reality. The parameters as they 
will appear in the actual computer model and the information sources for their creation are 
summarized in Table 4.3 and Table 4.4.  
 
                                                          
14 This figure depicts the model as it appears in Vensim. The angle brackets that surround some of the variables 
indicates the use of a ‘Shadow Variable’, which means that this variable is an exact copy of another variable in the 
system, and that its definition can be found by opening up the details for the originally created variable.  
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Table 4.3: Exogenous Variable Summary 
Exogenous Variable Value Units 
# Brood Cows 264 Animals 
Base Weight 546 Pounds 
GEP Response 18 Pounds 
Weaning Rate 87.2 % 
Calving Rate 90.9 % 
Hormone Implant 0,1 Binary Variable 
Individual ID 
Tagging 0,1 Binary Variable 
Fall RFID Tagging 0,1 Binary Variable 
CFIA Inspection 0,1 Binary Variable 
Program Admin. & 
Documentation 0,1 Binary Variable 
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Table 4.4: Endogenous Variable Summary 
Endogenous 
Variable Equation Unit 
Weaning 
Weight = Base Weight + GEP Response * Hormone Implant 
Pounds/ 
animal 
Calves Weaned = # Brood Cows * Weaning % Animals 
Total 
Production = Calves Weaned * Weaning Weight Pounds 
Direct Costs 
= (461.94 + 1.72 * Hormone Implant * Calving Percentage + 
1.48 * Individual ID Tag * Calving Percentage) * # Brood 
Cows + (CFIA Insp. & Admin * 433.40) 
$ 
Yardage Costs = 109.56 * # Brood Cows $ 
Other Costs = 21.34 * # Brood Cows $ 
Labour Costs = ((7.86 + Individual ID Tag* 0.17* Calving Rate) * # Brood Cows) * 24 + (CFIA Insp. & Admin. * 2.5) * 24 $ 
Total Costs = Direct Costs + Yardage Costs + Other Costs + Labour Costs $ 
Break-Even = Total Costs / Total Production $/pound 
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Chapter 5 – RESULTS 
5.1 Introduction 
 The scenarios described in Chapter 3 were simulated using the parameterized model 
described in Chapter 4. Now, the resulting break-even simulations are presented for each of the 
four scenarios and the BE price under EU certified management. The difference between the 
break-even values before and after enrollment represents the additional cost of producing calves 
in line with EU standards. These results are immediately followed by estimates of the annual 
supply of feeder calves produced within each category. This indicates the potential supply of 
calves that may be available to enter the EU market channel if producers offered the 
corresponding premium.  
 Following the presentation of the static model results is a series of sensitivity analyses. 
The purpose of this analysis is to reflect the impact that variations in production measures 
amongst cow-calf operations has on the resulting BE prices. There is a large degree of variability 
in this industry, so a single static model does not adequately reflect the realistic diversity that is 
inherent for cow-calf production. Additionally, this analysis demonstrates the impact that slight 
improvements in management, leading to increased productivity, can have on BE.  
However, the loss in productivity that some producers will experience by foregoing 
GEP’s also affects profits. Therefore, the profit margins for each scenario, as well as EU 
production, are calculated using varying local feeder calf prices to see how the premium changes 
in response to market conditions. This section calculates the per-head premium that would need 
to be offered offset the opportunity cost of selling into the domestic market.  
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5.2 Simulation Results 
5.2.1 Break Even For Compliant Production 
 The estimated EU compliant BE price for western Canadian cow-calf producers is 
estimated to be $1.6525 per pound. This result represents the cost of production when growth 
enhancing products are not administered, and additional labour is expended for implementing an 
alternative ID system as well as undergoing CFIA administrative procedures for certification. All 
of the production scenarios are compared to this BE value, as the cost of production in this model 
is the same regardless of the practices in place prior to enrollment.  
 The results for each simulation are summarized in Table 5.1. The BE difference for 
scenarios A to D is the difference between the base scenario’s BE price and that of the EU 
compliant scenario. This measure quantifies the profitability impact of transitioning from status 
quo practices to those required for EU certification. A larger difference indicates a larger degree 
of change to the existing management practices and productivity level to meet certification 
requirements. If a producer had already implemented a practice required under the EU program 
prior to enrolling, the cost of that practice is not included.  
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Table 5.1: Summary of Results  
Scenario BE ($/lb) BE Difference ($/lb) BE Difference ($/calf) 
EU Compliant $1.6559 - - 
Scenario A Base $1.5922 $0.0637 $34.78 
Scenario B Base $1.6025 $0.0534 $29.16 
Scenario C Base $1.6414 $0.0145 $7.92 
Scenario D Base $1.6520 $0.0039 $2.13 
 
5.2.2 Scenario A 
 Scenario A represents a ‘least compliant’ producer, meaning that they administer growth 
enhancing products to their calves and do not have alternative ID protocols already in place. 
Thus, amongst all scenarios simulated, this one has the smallest base BE of $1.59 per pound. As 
the producers in this group take advantage of growth enhancing products and have no additional 
labour expenses associated with alternative tagging, for them to have the lowest BE is expected. 
As a result of this low initial case BE, the per-pound BE increase for supplying to the EU 
marketing channel is largest for scenario A, as these producers need to make the largest changes 
to their production practices and experience a decline in productivity. In other words, for these 
producers to continue earning a normal profit, they would need to receive 6.37 cents per pound 
more than they were initially.    
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 The fourth column shows how this per-pound premium translates into a per-calf 
premium. The value for scenario A, $34.7815, represents the additional revenue that the producer 
would need to earn over what they would make selling a lighter calf at their initial break-even 
price. Recall that for scenario A the producer must forego the use of GEPs to become EU 
compliant, resulting in lighter average weaning weights. If they were to meet the elements of EU 
compliance while still earning their initial BE price of $1.5922 per pound, they would incur a 
loss of $34.78 per calf as a result of increased production costs and reduced productivity. 
Therefore, to maintain a zero profit or to continue breaking even, they would need to earn this 
premium for each enrolled calf. In the context of the cow-calf enterprise as a whole, this 
premium indicates that the producer would need to earn approximately $8000 more than they 
would have if earning their initial BE price of $1.5922 with a lighter weaning weight of 546 
pounds to maintain zero profit when switching to EU compliant practices. Although this 
premium may seem quite large, compared to the total revenue for the calf crop, it amounts to 
only 4 percent. 
5.2.3 Scenario B 
 Scenario B reflects a ‘partially compliant’ producer that already has an alternative ID 
system in place, but also implants their calves. Therefore, this group faces a loss of production 
by meeting the program requirements, but their increase in labour is only related to the CFIA 
inspection and documentations components, as they are already incurring the cost of an 
alternative ID system. Therefore, the base BE of $1.60 per pound for scenario B is slightly larger 
                                                          
15 This premium can be calculated two ways: $0.0637 * 546 pounds = $34.78, or, $904.13 – (546 * $1.5922) = 
$34.78. The value $904.13 represents the COP per calf in an EU compliant scenario.  
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than that of A. Scenario B producers would require a smaller premium of 5.34 cents per pound to 
cover their costs and loss in productivity to maintain normal profits.  
 The per-calf BE difference shown in the fourth column carries the same meaning for 
scenario B as it does for scenario A. This value, which can also be considered the premium 
required to maintain a zero profit level, is estimated to be $29.1616 for scenario B producers. 
Much like scenario A, this premium represents the difference between what a producer would 
earn with their initial BE price and EU compliant production levels, and what they would need to 
earn to earn a zero profit once enrolled in the program. In the context of the whole cow-calf 
enterprise, this premium translates into approximately $6700 for the entire calf crop.   
5.2.4 Scenario C 
 Scenario C also represents partially compliant producers, but with the requirements they 
meet being reversed to that of scenario B. In this case, the producers have already elected to 
forego the hormone implant regardless of their status in the program, but have not implemented 
alternative ID tagging. Therefore, no difference in production would be observed for this group, 
but they would face higher labour expenses associated with tagging as well as the CFIA 
requirements that apply to all other scenarios as well. The base BE for scenario C is $1.64 per 
pound, thus the estimated premium required by this group is an additional 1.45 cents per pound 
over what they earned before to cover their new expenses.  
 Since this group does not experience a decline in production when switching to EU 
complaint production, the per-head premium shown in column four is much smaller than for 
                                                          
16 $0.0534 * 546 pounds = $29.16, $904.13 – (546 * $1.6025) = $29.16 
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scenarios A or B. The per-calf premium value in this scenario, $7.9217, only reflects the impact 
that compliance has on production costs as there is no loss in productivity. In the context of the 
whole cow-calf enterprise, this translates into a premium of approximately $1823 for the entire 
calf crop.  
5.2.5 Scenario D 
 This final scenario was structured to represent producers that are in a position of easiest 
compliance. In other words, these operations would have to undergo the fewest changes to 
become certified for selling into the EU marketing channel. These producers already have 
adequate ID protocols in place and will not observe a decline in production as they already have 
foregone the hormone implant. Essentially they only need to undergo CFIA inspection and 
documentation procedures to enroll in the program. Therefore, it is unsurprising that the 
premium estimated for this group is very small, at 0.39 cents per pound. The only change to costs 
in scenario D is associated with CFIA inspection and documentation, which is distributed over 
the entire calf crop. Thus the required premium is quite small for this producer group to cover 
their additional expenses. Therefore, the per-calf premium shown in column four is also small, at 
only $2.1318. In terms of the entire calf crop, the required premium for these producers is only an 
additional $490 in revenue.  
 5.2.6 Weighted Average Sensitivity Analysis 
 As briefly discussed in Section 4.1, there exists some disparity between the expenses 
reported by the Saskatchewan and Alberta COP surveys. Therefore, taking a weighted average 
                                                          
17 $0.0145 * 546 pounds = $7.92, $904.13 – (546 * $1.6414) = $7.92 
18 $0.0039 * 546 = $2.13, $904.13 – (546 * $1.6520) = $2.13  
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approach to combining these data sets could result in inaccurate estimates of the true population 
parameters. To address the issue of using a weighted average approach to combining 
Saskatchewan and Alberta COP data, additional analysis was conducted to examine the possible 
range of variations from the weighted average used in subsequent analysis. The results I present 
in the previous section were simulated again, using Saskatchewan and Alberta data exclusively, 
and compared to the results achieved with a weighted average between the two. Shown in 
Appendix D, it can be observed that using either provinces’ COP alone in the model results in a 
maximum 6 percent deviation from the weighted average results. Since the possible range of 
resulting estimates based on the available COP data is small, the weighted average approach will 
stand.  
5.2.7 Supply of EU Certified Cattle 
In addition to estimating premium requirements for procuring EU certified calves, 
another objective of this research is to estimate the supply capacity available for the EU market 
channel in western Canada. As the COP analysis was restricted to Alberta and Saskatchewan, so 
too will be the supply estimations. Between these two provinces there are over 2.6 million beef 
cows, which reside on operations that would fit into one of the four scenario groups defined 
(Statistics Canada, 2014). Therefore, the supply capacity for the EU market channel within each 
category will be estimated using adoption rate data for the management practices of interest. In 
other words, these estimates suggest the potential supply of calves that could be available in 
response to one of the four premium offerings calculated.  
In western Canada, 93 percent of producers maintain individual calf ID records, and 24 
percent implant their calves (Manglai, 2016; WBDC, 2015). For this analysis it will be assumed 
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that there is no correlation between these adoption rates and herd size. Although there is some 
research which suggests there may be a relationship between herd size and adoption of various 
technologies or management practices, there is not adequate data available to quantify this 
relationship in western Canada (Deblitz and Dhuyvetter, 2013; Mangali, 2016; Nehring et al., 
2014). This issue, in combination with a desire to refrain from overly manipulating the data, 
leads to treating the adoption rate data as if it has no correlation to herd size. Thus, using the 
aforementioned adoption rate data, the estimated portion of calves raised within each 
management scenario is summarized in Table 5.2.  
Table 5.2: Supply of Calves 
Scenario Portion of Calves Number of Calves Produced 
A 1.68% 38,888 
B 22.32% 516,654 
C 5.32% 123,145 
D 70.68% 1,636,072 
The values in column 2 of Table 5.2, the portion of calves raised within each category, 
were calculated by multiplying the adoption rates of the practices associated with that scenario. 
For example, scenario A’s portion was calculated by multiplying 7 percent, the percentage of 
producers that do not maintain individual IDs for their calves, by 24 percent, the percentage of 
producers that implant their calves. The resulting portion for this scenario, 1.68 percent, was then 
multiplied by the beef cow inventory for Alberta and Saskatchewan, 2,654,540 and a weaning 
rate of 87.2 percent to get an estimate of the number of calves produced each year under these 
practices in the third column. The proportions for each scenario were calculated in this manner.  
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Recall that over five years, Canadian beef producers will gain duty-free market access 
into the EU for 64,950 tonnes (carcass weight equivalent) once the CETA comes into force. To 
fill this quota, a minimum of 157 000 certified cattle have to be produced. In reality, this supply 
may actually need to be much higher since not all cuts in the carcass may be imported by the EU.  
However, the supply estimates in Table 5.2 suggest that filling this quota is certainly possible by 
the scenario D producers in Saskatchewan and Alberta. Since this group has the greatest ease of 
compliance, the large supply of beef calves raised by them bodes well for the ability of western 
Canada to participate in the EU marketing channel.  
5.3 Production Sensitivity Analysis 
 One advantage of using a systems dynamics methodology is the ease by which sensitivity 
analysis can be conducted. The Vensim program used for modelling includes a ‘Synthesim’ 
function that allows the value of exogenous variables to be altered and the impacts 
simultaneously quantified for all variables in the system. Thus, for purposes of sensitivity 
analysis, the values of production variables can be altered and the subsequent impacts on the EU 
compliant production BE can be immediately quantified.   
 As motivated throughout the literature review, several production measures can vary 
widely between operations. Furthermore, biological performance indicators are found to have a 
significant influence on profitability when comparing producers operating within a similar 
climate (Short, 2001).  This could be related to many factors, such as the type of feed stuff used, 
the genetic potential of the cattle, technologies used and management ability (Short, 2001; 
Nehring et al., 2014). Due to these variations between producers, using a single, static model for 
estimating the cost of compliance offers results that apply very narrowly. Thus, the purpose of 
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this section is to gauge the sensitivity of BE to changes in the exogenous variables. Not only 
does this offer a broader view of the possible farm-level impacts of entering the EU marketing 
channel, but it also may indicate strategies by which producers could use to make the cost 
impacts of entering the EU market less severe. 
5.3.1 Weaning Weight 
Evidence of a relationship between higher weaning weights and improved economic 
performance has been observed in western Canada, thus weaning weight is a variable of interest 
for sensitivity analysis (AAF, 2016). The initial results presented in Table 5.1 reflect a single 
base weaning weight, 546 pounds, but in reality this measure will vary amongst cow-calf 
producers as calves are often weaned at a range of 450 to 700 pounds (CBB and NCBA, 2009). 
Additionally this is a performance indicator that can be improved, to a slight degree, 
without having substantial impacts on the overall cost of production. Low-cost strategies such as 
weaning later, cross-breeding and selectively culling later calving cows can be implemented to 
increase average weaning weight (Johnston, 2017). Thus, it is logical to simulate small increases 
in weaning weight while holding production costs constant to determine their impact on break-
even. Large changes to weaning weights may necessitate substantial changes to management 
strategies, and as a result production costs. Therefore only small deviations of 5 to 25 pounds, 
less than 5 percent of the initial value, from the base weight are simulated for this sensitivity 
analysis. The EU compliant BE price in response to these variations in base weaning weight are 
presented in Table 5.3. These results suggest that increasing weaning weight by approximately 
25 pounds can reduce the BE price by 4 cents per pound.  
 90 
 
 
Table 5.3: Base Weaning Weight Sensitivity  
Base Weaning Weight EU Compliant BE ($/lb) 
546 $1.6559 
550 $1.6439 
555 $1.6291 
560 $1.6145 
 
5.3.2 Weaning Percentage 
Another biological performance indicator of interest for sensitivity analysis is weaning 
percentage. The initial parameter value used for this variable was 87.2 percent, meaning this 
portion of the cows in the herd will yield a calf at the end of the production season. As is the case 
with weaning weight, AAF (2016) data has suggested that low cost producers in tend to have 
higher than average weaning percentages in western Canada. This is a logical conclusion, as 
increasing the units of output over which costs are distributed will result in lower per-unit costs if 
the total costs do not increase. 
Again, production costs will be held constant as varying levels of weaning percentages 
are simulated. Strategies, such as carefully controlling the breeding period, proper nutrition 
management and culling open brood cattle can improve this percentage while having a small 
effect on production costs (Dyer and Knight, 2013). Therefore, small deviations in this variable 
can be simulated without a simultaneous change in production costs. For large changes in 
weaning percentage, it is likely that a significant change in management would need to occur, 
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which would influence production costs. Therefore, weaning percentages ranging from 82.8 
percent to 91.6 percent are used for this sensitivity analysis, representing deviations of only 5 
percent from the initial parameter value of 87.2 percent. As is shown in Table 5.4, a 5 percent 
increase from the initial parameter value of 87.2 percent is associated with a 8 cent per pound 
decline in BE, whereas a 5 percent decrease can result in an 9 cent higher BE.      
Table 5.4: Weaning Percentage Sensitivity  
Weaning Percentage EU Compliant BE ($/lb) 
82.8% $1.7439 
85.0% $1.6988 
87.2% $1.6559 
89.4% $1.6152 
91.6%* $1.5768 
*For this simulation run, the calving percentage was increased to 95% from 90.9%, as it is not possible to wean 
more calves than are born live. This variable only interacts with the tagging expenses, so has a small impact on 
results.  
 
5.3.3 Implant Response 
Several factors can affect the growth response of implanted calves. Proper administration 
and adequate nutrition are both necessary to realize the full benefit of implanting (Stewart, 
2013). In addition to these factors, the genetic growth potential of the calves can also interact 
with GEPs, as inherently higher growth rate cattle will tend to exhibit a greater response to GEPs 
(Gadberry, 2015). As these are factors that can vary between operations, there exists variations in 
the response to GEPs amongst cattle. The static value for implant response used in the model 
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generates results that apply narrowly, so this is the third variable which undergoes sensitivity 
analysis.  
The response of suckling beef calves to implants has been shown to range from 10 to 30 
pounds in additional weaning weight, or 3 to 8 percent (AAF, 2008; Gadberry, 2015; Lawrence 
and Ibubaru, 2007; Selk, 1997; Stewart, 2013). The parameter value used for initial analysis, 18 
pounds, was based on the meta-analysis conducted by Selk. In reality, this response can vary 
widely depending on the aforementioned factors. Therefore the resulting BE for scenario A, 
shown in Table 5.5, is re-simulated using an implant response range of 10-30 pounds.  
Table 5.5: Implant Response Sensitivity  
Implant Response Scenario A BE ($/lb) 
10 lbs $1.6151 
14 lbs $1.6036 
18 lbs $1.5922 
22 lbs $1.5810 
26 lbs $1.5699 
30 lbs $1.5590 
 
5.4 Price Sensitivity Analysis 
 The purpose of this section is to quantify the trade-off that cow-calf producers face when 
deciding to sell into the EU marketing channel or through conventional, domestic channels. Thus 
far, the results presented have only concerned the break-even price required by producers to earn 
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a normal profit. In reality, cow-calf producers are price-takers who may experience prices higher 
or lower than this BE value, resulting in lesser or greater profits. Additionally, the BE calculation 
only takes into account the influence of weaning weight on per-unit production costs, with its 
influence on the revenue for the animal not being incorporated into the model. This is not a 
shortcoming of the model, it was intentionally designed to hold profit constant at a value of zero 
as the revenue potential following implementation of the CETA is unknown at this point.  
 However, the trade-off between selling domestically through conventional marketing 
channels versus through the EU channel can still be quantified using local calf price data. The 
rationale for this exercise is to determine the per-head premium that would need to be offered to 
producers for their enrollment in the program to make them indifferent between status quo and 
certified production at various domestic prices. Since enrolling affects the productivity of 
producers that use GEPs, larger premiums are needed to offset the loss in production as domestic 
prices climb higher.  
 In the past decade, Alberta feeder calf prices have ranged from less than $1 to over $3 per 
pound (Statistics Canada, 2017). Using this price range, the profit margin per calf will be 
calculated using Equation 12 for each scenario under status quo and compared to the profit 
margin for compliant production at the same price. The difference between these profit margins 
is equivalent to the premium a producer would need to earn, above the market price, to be no 
worse off by switching to EU compliant practices and selling into that channel.   
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑄𝑄𝑃𝑃𝑊𝑊𝑃𝑃𝑄𝑄 𝑅𝑅𝑃𝑃𝑃𝑃 𝐻𝐻𝑃𝑃𝑄𝑄𝑃𝑃 = (𝑀𝑀𝑄𝑄𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝐵𝐵𝐵𝐵) ∗ 𝑊𝑊𝑃𝑃𝑄𝑄𝑄𝑄𝑃𝑃𝑄𝑄𝑊𝑊 𝑊𝑊𝑃𝑃𝑃𝑃𝑊𝑊ℎ𝑃𝑃                   (12) 
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 The resulting calculations are presented in Table 5.6. As can be observed, the premium 
for production scenarios A and B change in response to market conditions, whereas C and D do 
not. The reason for this distinction is the fact that scenarios A and B use GEPs, so revenue 
declines for these groups when they switch to compliant production, the effect of which is 
exacerbated by higher market prices. Scenarios C and D do not experience a difference in 
productivity, so the resulting premiums only reflect the difference in production costs per calf 
between the status quo and enrollment.  
Table 5.6: Profit Margin Sensitivity  
Market Price EU Certified Margin Premium A Premium B Premium C Premium D 
$1/lb -$358.12 $24.12 $18.31 $7.92 $2.13 
$2/lb $187.88 $42.12 $36.31 $7.92 $2.13 
$3/lb $733.88 $60.12 $54.31 $7.92 $2.13 
 
5.5 Chapter Summary 
 The purpose of this chapter was to present the results of the simulations using the model 
built in Chapter 4. They suggest that the impact of enrolling in the EU program ranges from an 
addition to BE of 6 cents per pound, down to 0.05 cents per pound. For each scenario simulated, 
an estimate of feeder calves supplied annually was made using adoption rate data for the 
practices of concern. Scenario A, which has the largest compliance costs, has the smallest supply 
of cattle at only 1.68 percent. The second largest compliance costs as well as the second largest 
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supply of cattle was scenario B. Interestingly, scenario D has the largest supply of cattle and 
faces the smallest cost changes for enrolling in the program.  
 Next, a series of sensitivity analyses were conducted as a means for better reflecting the 
large degrees of production variability amongst cow-calf operations. These estimates also 
quantify the impact that small improvements in productivity can have on COP. For example, an 
increase in base weaning weight to 560 pounds decreases the EU certified break even by 4 cents 
per pound. Similarly for weaning percentage, a 5 percent improvement can reduce the required 
BE price by 8 cents per pound. For producers that use an implant, an improvement in the 
response to 30 pounds can reduce their BE by 3 cents per pound.  
 Finally, the revenue implications of foregoing conventional marketing channels to enter 
the EU program were quantified. Essentially, the purpose of doing so was to quantify the 
premium needed for producers to be indifferent between conventional and EU marketing 
channels. For producers that implant, the premium ranged from $18.31 to $60.12 to offset both 
increased labour expenses and loss in productivity for entering the EU market. For those that 
already forego GEPs, their premium did not vary in response to market prices, as they do not 
face a loss in productivity so only the additional costs need to be covered.  
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Chapter 6 – SUMMARY AND CONCLUSIONS 
 
6.1 Summary 
 The objective of this research was to estimate the farm level economic impacts for 
western Canadian cow-calf producers becoming EU compliant. As there is a large degree of 
heterogeneity in this sector, several scenarios which represent operations with different 
production practices that affect their ease of compliance with EU regulations were analysed. In 
addition to estimating premium requirements, another objective was to estimate the supply of 
calves within each group. 
Increased access to the EU market with the implementation of the CETA may be a 
profitable opportunity for the Canadian beef industry, but there are certain costs imposed on 
producers that wish to participate. For cow-calf producers, use of any growth enhancing products 
on cattle destined for the EU is strictly prohibited. To ensure this protocol is being followed, the 
CFIA has in place a program for certifying GEP free beef. Essentially, this program relies on a 
combination of approved veterinarian inspections, identification procedures and documentation 
to gain adequate assurance that the producer has complied with the no GEP stipulation. 
Therefore, the costs of compliance are imposed on cow-calf producers in two ways: a loss of 
productivity when GEPs are foregone and additional labour to complete the administrative 
requirements for enrollment in the program.  
The premium required for EU certified production to maintain normal profit was 
estimated by simulating the BE price under typical production practices as well as under program 
compliant practices and calculating the difference between them. The first step in running these 
simulations was the construction of a conceptual model that mapped out the relationship between 
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various drivers of production costs and their impact on BE. Interacted with these drivers were the 
various elements of compliance for enrolling in the EU program so that a conceptual framework 
for how they ultimately can influence BE could be laid out.  
Next, the conceptual framework was parameterized to develop a working model. The 
primary sources of information were cost of production studies published by Alberta Agriculture 
and Forestry and the Western Beef Development Centre, which provide an overview of typical 
production costs for Alberta and Saskatchewan cow-calf producers. Using data from a variety of 
sources, these COPs were incorporated into the model and manipulated to reflect production 
costs before and after EU compliance. The management decisions regarding EU production 
practices were included in the model as binary variables, taking on values of 0 or 1, depending 
the use of the practice that variable represented. The purpose of these binary variables was to 
turn additive parts of an equation in the model ‘on’ or ‘off’, so that BE outcomes in response to 
varying management practices could be simulated using a single model.  
Finally, the resulting BE for scenarios A, B, C and D could be estimated. Scenario A, 
which represented the least compliant producers that use GEPs and have minimal ID procedures 
in place, required the largest premium of $6.37 per hundredweight. The second highest premium 
was for scenario B, in which producers used GEPs but had adequate ID systems in place, at 
$5.34 per hundredweight. Scenario C represented producers that had already foregone GEPs but 
needed to upgrade their ID practices, resulting in a premium of $1.45 per hundredweight. All of 
these scenarios had to take on additional costs of CFIA inspection and documentation, as well as 
the aforementioned changes to their management routines. Scenario D was distinct from the 
others in the sense that the operation it represented already had most of the necessary practices in 
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place to be an EU compliant producer, needing only to complete the CFIA administrative tasks 
to become officially certified. Thus, the required premium for this group was very small at only 
$0.4 per hundredweight. Interestingly, scenario D was also estimated to have the largest supply 
capacity, with 70.68 percent of operations conforming to the practices associated with this group. 
These results next underwent sensitivity analyses to offer a range of results that may 
better reflect the heterogeneity amongst cow-calf producers, while also demonstrating the impact 
that improvements in productivity can have on BE. Also undergoing sensitivity analysis was the 
per-head premium level for each scenario in response to local market prices. The purpose was to 
relax the normal profit constraint, as market prices can range widely and producers must make 
the decision to produce and sell into domestic conventional markets or the EU channel. This also 
served the purpose of quantifying the opportunity costs associated with foregoing GEPs at a 
range of market prices.  
6.2 Limitations  
 The results of this analysis may not directly apply to an individual producer’s situation. 
Since the model was parameterized using data aggregated across two provinces, caution must be 
used when making linkages between the results presented here and actual production outcomes. 
Within these provinces there exists climatic variation, which can be an influential factor in 
determining COP. If adequate data was available, which disaggregated the production regions 
within these provinces, results that applied more accurately to producers may have been 
generated. These results are also highly aggregated with respect to other important drivers of 
production costs, including herd size. As discussed in the literature review, cow-calf production 
can exhibit to economies of size. However, a single average herd size was used to parameterize 
 99 
 
 
the model, the result of which is a model that cannot effectively reflect the relationship between 
economies of size and production costs. The highly aggregated nature of the data available for 
parametrizing this model also means that other potential influencers of COP or productivity, such 
as breed type, management ability or adoption of technologies that were not of direct interest, 
and their impacts could not be effectively represented. Therefore, individual producers likely 
have COP or productivity outcomes that may differ from the ones presented here.  
 In addition to the highly aggregated nature of the COP data, the results are also limited by 
the small sample sizes from which they were derived. The WBDC survey included 22 producers, 
whereas the AAF surveys typically include approximately 30 observations. Therefore, these 
results represent a very small portion of cow-calf operations, which limits their applicability to a 
wide range individual producers. This research was intended to provide a framework by which 
the farm-level economic impacts of entering differentiated marketing channels and estimate a 
general cost which compliance with EU regulations may place on the western Canadian cow-calf 
production segment of the supply chain. However, the results are not intended to directly 
estimate these costs for an individual producer looking to enter the EU channel.  
 Also potentially arising from small sample sizes for the COP surveys could be biased 
estimates. As participation in these surveys is voluntary, there may exist some selection bias. In 
other words, producers with certain characteristics may be more inclined to participate in these 
surveys than others, which could bias the resulting estimates. For example the average herd size 
reported by these surveys, 354 for Saskatchewan and 198 for Alberta, is much larger than the 
average herd size of approximately 80 head in these provinces as reported in the census data. 
This suggests that perhaps producers with larger than average herds tend to participate in the 
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surveys more frequently, which may place a downward bias on the estimates because of the 
influence that economies of size can have on production costs. Therefore, the possible presence 
of bias in the survey data used to parameterize the model means that the results presented here 
may not be truly representative of a population average.  
 The supply estimates also need to be interpreted with caution. These calculations were 
made on the assumption that the adoption rate for GEPs was independent of the adoption rate for 
individual ID tagging, and vice versa. However, in reality there may be some correlation or 
relationship between the adoption rates of these practices. In other words, managers that adopt 
technologies such as GEPs may also be more likely to adopt improved ID and record-keeping 
practices as well. However, the adoption rates were taken from different studies, so finding 
cross-correlations between them was not possible and this issue could not be addressed. 
Furthermore, the adoption rate of these practices may also be related to herd size, as was 
indicated by Nehring et al. (2014). If this is the case, the quantities of cattle estimated within 
each production category may not be accurate. For example, if the adoption of GEPs is positively 
related to herd size, then the supply associated with scenarios A and B would be smaller than 
estimated here. However, the herd sizes associated with adoption rate for western Canada were 
not reported, so it was not possible to correct for these possible correlations. The supply 
estimates must also be interpreted cautiously, as they may not be accurate for the aforementioned 
reasons.  
6.3 Conclusions 
 The findings of this research suggest that entering differentiated beef marketing channels, 
such as the EU certified GEP-free channel, may be an economically viable decision for some 
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cow-calf producers. As there is a large degree of variability between producers in the cow-calf 
segment, enrolling in this program can be achieved at little additional cost, or quite expensive, 
depending on the production practices already in place. For the 76 percent of cow-calf producers 
that already choose to forego GEPs, entering the EU channel may enable them to earn a premium 
for voluntarily foregoing profit-enhancing practices. Especially in this case, differentiated 
marketing could compensate producers for lost productivity when electing to not implant. Thus, 
for the 70.68 percent of producers in western Canada that fell into the easy compliance category 
D, pursuing the EU marketing channel may be an attractive opportunity.   
 However, the fact that the rest of the supply chain needs to also enter the channel before 
cow-calf producers could benefit from this trade opportunity should not be overlooked. A 
premium may only be earned for EU certified calves if a buyer willing to pay it is accessed. 
Since there are barriers to entering the EU market at each step of the Canadian beef supply chain, 
it is not a certainty that downstream firms will enter the EU channel and demand certified calves. 
Much like the results of this thesis have indicated for the cow-calf segment, the additional costs 
presented by achieving EU compliance must be outweighed by an adequate premium to make the 
export opportunities presented by the CETA profitable for all parts of the supply chain. Whether 
or not the Canadian beef supply chain responds to increased EU market access will depend on 
the price that may be fetched in that market and if it is large enough that an adequate premium 
may be offered to each segment of the supply chain. The research presented here offers insight 
into the premium that may be required by the first stage of the market channel to stimulate a 
supply response. As the results suggest, this premium may not need to be large for some 
producers to be profitable marketing in the differentiated EU channel. This may, however, not be 
case for other segments of Canada’s beef supply chain.   
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 Beyond the EU channel, producers may be well advised to explore other differentiated 
marketing or production verification opportunities, depending on the management practices they 
already have in place. For example, the Verified Beef Production Plus19 (VBP+) program could 
be another avenue. In this program, producers undergo an auditing process to verify high 
standards for food safety, animal care and environmental stewardship with respect to raising their 
cattle. Many of the practices required under this program, such as monitoring for illness or 
properly managing grasslands, are already voluntarily being followed by cow-calf producers. 
Therefore, complying with this program would not present especially large costs or changes to 
everyday operation for several producers. Much like the results of this research suggest, there 
may be a subset of producers that could enroll in the VBP+ certification program without seeing 
a substantial change to their production costs. Additionally, this program may offer a platform by 
which sources of certified cattle could be identified. As mentioned earlier in chapter 3, procuring 
certified cattle will not likely be practical in the spot market, and having an identified pool of 
eligible producers could help reduce transaction costs. This could contribute to improving the 
overall profitability of the EU differentiated beef supply chain for all players.    
 An important conclusion is that producers should not shy away from differentiated 
marketing programs. The heterogeneity amongst operations in the cow-calf segment means that 
there may be a subset of producers that easily fits into the mold set out by any branded or 
differentiated beef program. Opportunities, such as entering the EU channel, may enable 
producers to earn price premiums for practices they were following regardless. Pursuing these 
opportunities may enable producers to employ a new strategy to improve their competitiveness. 
                                                          
19 Verified Beef Production Plus is a verification program that enables producers to prove implementation of 
sustainable production practices on their operations to buyers (Verified Beef Production Plus, 2017).   
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Traditionally beef production has been characterized as a perfectly competitive market, resulting 
in the reduction of costs being the only strategy to remain competitive when producers were in 
the position of a price taker. However, the growing prevalence of differentiated beef marketing 
channels has allowed producers to begin taking steps towards being in a position where they can 
differentiate their production to gain some power over price determination. Opportunities to 
compete on product attributes, rather than focusing only on reducing costs, can improve the 
profitability for firms that may not be able to compete on costs alone. Therefore, cow-calf 
producers should welcome opportunities to target consumers by implementing certain production 
practices, rather than viewing consumer demands for certain production attributes as a threat.  
 Despite the potential benefits of transitioning to a more differentiated beef marketing 
structure, there still exists institutional constraints that will slow the process of doing so. 
Currently the Canadian beef supply chain is set up for an undifferentiated commodity marketing 
structure, and would need to undergo a major reorganization to become more vertically 
coordinated (Brocklebank, 2004). On the horizon, the western Canadian beef industry is 
anticipated to gain increased capacity for processing niche or differentiated beef products with 
the opening up of the Harmony Beef plant near Calgary (Kienlen, 2017; Duckworth, 2017b). The 
intention of this plant is to enter into niche markets for beef, including processing for the EU 
market. Thus, the structural rigidity of Canadian beef processors, which are traditionally set up 
for large quantity and little differentiation, may be alleviated.  
 However, the commodity beef channel is not anticipated to completely give way to a 
more coordinated and differentiated channel any time soon. This means that generic, commodity 
beef production that does not call for any special production attributes will continue to play an 
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important role in the marketing of beef cattle. In this paradigm, low cost and high efficiency 
production is the key strategy for improving competitiveness. For producers that remain in the 
generic beef marketing channel, foregoing the use of GEPs carries a very high opportunity cost. 
As the market price sensitivity analysis results show, producers may need to be paid premiums of 
$60 per head to compensate for the productivity losses associated with foregoing GEP usage. 
The implication of this finding is that producers who remain in the commodity market channel 
should be employing this simple procedure to maximize the return on their cattle, as they are not 
being compensated for their production losses. 
 The Canadian beef industry should continue to pursue opportunities to enter new 
markets, and foster the development of differentiated marketing channels. By working through 
the process of quantifying the cow-calf level impact of accessing the EU market, this research 
demonstrates that refocusing on certain production attributes can be relatively low cost for some 
producers. As this segment of the supply chain tends to be very heterogeneous, there is likely to 
exist a subset of producers that can easily transition into most niche marketing channels and 
begin to earn a premium for practices they already employ on their operations. Being able to 
target alternative markets, in addition to the traditional commodity beef channel, provides 
producers more opportunities to compete with strategies other than reducing costs. For those 
producers that happen to be highly cost efficient, it is likely that the generic commodity beef 
channel will continue to exist in some capacity. However, working towards increasing the 
marketing opportunities available to cow-calf producers can improve the overall economic health 
of the industry. 
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6.4 Areas for Further Research 
 This research focused on the quantifying the cost of production impacts for cow-calf 
producers that enter the EU market channel, serving as a basis for evaluating the trade-off 
between entering this channel and remaining in conventional ones. Thus, the next logical steps 
for enquiry would be to examine other factors which may influence the decision to enter new 
marketing channels, including the EU. Factors besides profitability, such as marketing 
preferences or ethical concerns over GEP usage, may also influence a producer’s decision. 
Information on the characteristics of producers that would be more willing to participate in the 
EU program would also help downstream firms find potential supply sources of certified cattle 
and develop a marketing arrangement for their procurement.  
 Another direction for research extend from this thesis is to conduct similar analysis for 
down-stream firms in the Canadian beef supply chain. The costs of compliance for enrolling in 
the EU program could be determined for backgrounding, feedlot and packing operations that also 
face process constraints if they wish to enter the EU market. By determining the costs for each 
stage of the supply chain, the wholesale price that Canadian beef must fetch in the EU to be 
profitable can be estimated. This price estimate can then be used as starting point for researching 
the willingness to pay for Canadian beef amongst EU consumers, and offer much needed 
information to potential Canadian beef marketers expanding to the EU. Overall, the cost 
estimates for cow-calf producers developed here contribute to answering a larger question 
regarding the economic viability of selling Canadian beef in the EU once the CETA enables 
greater access to that market.  
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APPENDIX A: Tag Replacement Report 
Facility name:  
Address/Location:  
Premise identifier:  
The animal bearing Approved tag 
number  
(if applicable), was found to have lost its tag but the identity of this animal was confirmed by the 
following means: 
 
 
 
It was retagged with Approved tag number:  
Date the animal was retagged and reported:  
Owner/Responsible Person 
(print):  
Signature:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 118 
 
 
APPENDIX B: Register for Birth Farms 
Growth Enhancing Product Free Cattle 
Reference #  
Page  
Name of producer 
applicant:  
Legal name of business:  
Location and/or Canadian Cattle Identification Agency / Agri-Traçabilité Québec / Provincial 
Premises ID: 
 
 
Register for Birth Farms 
Approved Tag # 
Alternate Tag #  
(Compulsory for Mixed Farms) Transfer Certificate # and Date 
   
         
      
         
         
 
 
 
 
 
 
 
 
 
 119 
 
 
APPENDIX C: Transfer Certificate 
 
 
Are GEPs present on the farm of origin? 
Yes  | No  
Were these cattle on community pasture/forestry reserves at any time? 
Yes  | No  
Were these cattle sold through a public auction market? 
Yes  | No  
Listing of animals can be entered below or attached 
Note : Listing of animals can be 
entered below or attached 
Check box if listing document is 
attached  
Approved Tag Alternate ID 
Approved 
Tag (Con't) Alternate ID (Con't) 
    
    
 
 
Annex R-7 Transfer Certificate 
Name and Address of Owner / 
Responsible Person 
Date of 
Transfer 
# of 
Animals Premise ID 
Reference # 
(example: 
2011-001) 
     
 
 
 
 
  
 
 
12
0 
Transfer to: Name and Address of Destination 
 Farm or Feedlot 
 
 Auction Market  
 Federally Registered Meat Establishment for Slaughter 
 
 
Producer Declaration 
I, (Name) , am the present owner of/the responsible person for 
the identified animals above or on attached listing consisting of #  pages with reference #  and 
have directly controlled or take full responsibility for relevant practices applied in their raising while under my control. If the animals 
have been owned by other persons I am in possession of a copy of the Transfer Certificate like this one from the previous owner or 
responsible person. I declare that the animals covered by this declaration have not been administered any Growth Enhancing Products 
when they were under my control. 
Signature:  
Date:
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APPENDIX D: Weighted Average Sensitivity Analysis 
 
 
Saskatchewan BE 
(% Change from WA) 
Weighted Average 
BE 
Alberta BE 
(% Change from WA) 
EU Compliant 1.5573 (-5.95%) 1.6559 
1.7281 
(4.36%) 
Scenario A 1.4968 (-5.99%) 1.5922 
1.6620 
(4.38%) 
Scenario B 1.5071 (-5.95%) 1.6025 
1.6724 
(4.36%) 
Scenario C 1.5428 (-6.00%) 1.6414 
1.7136 
(4.40%) 
Scenario D 1.5535 (-5.96%) 1.6520 
1.7242 
(4.37%) 
 
 
 
 
 
